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Andalüsian Astronomy. She is now tenching and researching at the University of Barcelona/Spain 
as an assistant, 

COMES Mereé : Teacher in the Department of Arabie Philosophy at the University of Bar- 
celoua / Spain . She ie now working in the field of the History of Arab and Andalusian Astronomy 
and Hd published several papers on Ehis topi 


DAIBER, Hans : Got th Ph. D. degree in 1967 from Saasbrackeu University: Dr. of philosophy 
Qabil 1993) from Heidelberg University. He ha been professor of Iélamie Studies at the Vrije Uni- 
versiteit, Amsterdam since early 1977 . 


GARRO, Ibrahim : He holds the Ph. D. degree in mathemetival logic and has published several 
rescarches in the field of the history of logic . 

HADDAD, Farid S.: À specialiet io urology and general surgery. He attended several umiversity 
hospitals and held positions with governmental and interuatioual bodies in the US aid in Arab 
countries. 

AL-HASSAN, Ahmad Y . : Ph. D. in mechanical engineering from University College , London . 
In 1976 he founded the L. H. A. 8, and directed it. He is also tbe founder and editor of the ** J. H. 
A. 8.7, and a researcher in the feld of the History of Arabie Technology and had published several 
books on this topic. 


HOGENDUK, Jan P. : Specializing in the History of Arabie Mathematics in general since 1974. 
Ph. D. in the eld of the History of Arabie Architecture. 

HUGHES, Barnabas : is professor of Secondary Education at California State University , He 
as published considerably in the history of mathematics, with particaler emphasie ob medieval 
mathematies. His major works have been critical editions cf Latin translations of alKkwaril's 
ol-Jabr, one by Gerard of Cremona, the other by Robert of Chester . 

LANDRY, Patrick : an engineer. Ie bolds a Diploms in the History of Arabie technology from 
the Université de la Sorbonne Nouvelle-Paris, and had participated in several conferences. 

LETTINCK, Paule received a Ph. D. (1973) in physies and a Ph.D. (1991) in Sernitic languages 
from the Free University, Amsterdam, He is at present affiliated with the Free University, Ameter- 
dam, where he is condneting research on the Arabic eommentariee on Aristotle"s Mersorology and 
other Arabic treatises 0n meteorology. 

MAWALDI, Mostafaiholds a Pb. D. in the History of Arabie mathematics. He is now holding 
the position of Vice Directur at tbe I. H. À. 8, and teaches the two subjects of the ‘history of 
mathematies"! and "historical methodology, references and manuscripts"". He bud participated 
in several local, Arabie and international Conferences and Symposia. 
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Zohair M . Agha , Bibliography of Islamic Medicine and Pharmacy: Biblio- 
graphie der Islamischen Medizin und Pharmazie, Leiden, E. J. Brill, 1983. 


The title of this book is mislezding. The author elaims to have included 
in bis bibliography what bas been written on Islamic Medicine and Phar- 
macy both in the Middle Ages as well as in modern times. Yet, one finds the 
name of Jabir Ibn Hayyan whose works could hardly be called medical or 
pharmaceutical . Works which do not relate to medicine and belong to al- 
chemy and physiognomy are also included (sce nos 12,15,32,175,177 and 179). 
On the other hand some of the well known medical writers and writings 
are missing. While listing the Arabic, Persian and Turkish manuser pts-only 
of the British Library, the Wellcome Libr. ry, the Bankipore Library, the 
University of California (Los Angeles), the library of “Arif Hikmet in Medina 
Munawwarah, and few Turkish Libraries- of those medieval works, Ahga 
rarely mentions the modern editions of the same works. 

Agha is not systematie in his bibliography. He occasionally lists the 
dates of the medieval authors, and translates some of the Arabic titles, 
while leaving both the Persian and Turkish titles, when the need is most 
pressing, without translation. Moreover his translation of the Arabic works 
is not always correct (he translates al-buhran (crisis) into delirium). 

1f one turns to the contributions of modern scholars which are con- 
fusingly mingled with medieval names one is struck by the absence of most 
of Meyerhof's works, Levey's edition of Ibn Wahehiyah’s K. al-Sumum 
10-aktiryaqat and Rosenthal” * The Classical Heritage in Islam ”. 

I find it better to rename this book as ” bibliography of some Islamic 
medical and pharmaceutical manuscripts,”, accompanied by a short list of 
the contributions of some modern scholars in the same field. 


One still has to rely on Sezgin's Geschichte des Arabischen Schrifitums, 
Ullmann’s Die Medizin in Islam and Catalogues of Manuscripts in Major 
Libraries . 


Amal Abou Aly 


JU H. À. 8. 92-03-1994 : Vol. 10 : pe 187. 
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Khouri RW: Histoire de la castration au Liban. . . et ailleurs. J Med Lil 
1991; 39 (1) :33-5. 

Part II (83 pages) is an alphabetical index of about 3 800 authors. 
Here are a few examples of the citations found in this part: 


Ammar S : L'école de médecine de Bologna . Ses emprunts à l'Arabisme . 
n : XXXI Congrès international d'histoire de la médecine . Bologna 
1988. Actes. Bologna:Monduzzi Editore, 1988. p. 5 — 12. 


Haddad F$: Pwo of the earliest ræntgenograms taken in Lebanon. J Med 
Lib 1989; 38 (1) : 64- 7. 
Hamarneh SK: Introduction to Arab-Islamic alchemy. Hamdard Med 
1989 Jan-Mar: 32 (1) : 45 — 0. 
Part I (56 pages) contains, in Section B, about 2 000 citations concerne 
ing individual biographies ard.in Section À, over 100 citations concern- 
ing collective biographies. Biographies of the following are included : 
Abulcasis, Ibn al-Jazzar. Alhazen, al-Tabari, Avenzoar, Avicenna, Al- 
Biruni, al-Qaisi, Hunayn, Ibn al-Quif, Ibn an-Nafis, Ibn Sallum, Jabir, 
Al-Jahiz, Medawar, Rhazes, Béchara Saad, Shiyraaziy ete. 


The work is extensive and very useful. 


The few inconsistencies in transliterating foreign names and in cap: 
talization (as an example: al and Al) do not detract from the great value 
of this velume and its preceding companions which are very handy rese- 
arch tools with an inestimable nsefulness . Their comprehensive scope 
makes them incomparable bibliographical reference works. 


After sceing how various authors use different spellinge in the transli- 
teration of foreign words and foreign names into English. it hecomes very 
evident that a lot remains 16 be done on the subject of transliteration of 
Arabie words and names . Some organization has to take the lead and 
assume the urgent initiative of revamping our system of_transliteration 
and diffusing a new code for the transliteration of Arabie names and 
words . In the age of the computer, an urgent need has developed for a 
new system which will be computer compatible and which will translite- 
rate letter for letter without ambiguity . 


Farid Sami Haddad 


Book Review 


Bibliography of he History of Medicine No. 27 — 1991. National Library of 
Medicine. National Institutes of Health, Publicatien No. 92 - 315. Bethesda 
Maryland, USA. 


This isthe 27th vumber(volme) of a series of annual publications 
wbich are prepared from the computerized database HISTLINE at the 
National Library af Medicine. It focuses on the history nf medicine andrel- 

ted sciences, professions . and institutiore, It is an invaluable instrument 
of research for anyone who is working in the feld of medical history. 


The volume cites about 3 800 articles and books arranged into three 
parts. The bulk of the citations are found in Part II (223 pages) which is a 
subject index arranged alphabetically. There are 145 subjects, the largest 
being: diseases and injuries, education, hospitals, medicine, pharmacy, 
psychiatry, public health and surgery. The citations under each subject 
are subdivided into chronological and / or geographic subheadings. 

For example, the subject of medicine has a subheading * 500 AD 
1450 in which can be found the following citations: 


Haddad FS: Ibn Zubr (Avenzoar) (11091 — 11620, Acta Belg Hist Med 
1991 Sep: 4 (3) : 135 — 46. 


Jacquart D : Remarques préliminaires à une étude comparée des traduc- 
tions médicales de Gérard de Crémone, In Constamine G, ed: Traductions 
et traducteurs au Moyen Age. Paris: CNRS, 1989, p. 109 - 18. 


Here are some examples of the citations under Surgery: 


De Bakey ME: À surgical perspective. Ann Surg 1991 Juns 213 (6) : 
499-531. 
Haddad FS: Surgical frsts in Arabie medical literature. Stud Hist Med 
8e 1986 — 7; 10 — 11 : 95 — 103. 

The subject of Surgery has a subheading * Tracheal” in which can be 
found the following citation: 
Haddad FS: Shiyraaziy on foreign bodies of the gullet. In: XXXI Congrès 
international d'histoire de la médecine. Bologna 1988. Actes. Bologna: 
Monduzzi Editore, 1988. p. 837 — 45. 

The subject of Urology has a subheading Lebanon" in which the fol- 
lowing citation appears: 


J. H. A.S. 02 - 93-1994 : Vol 10 : pp. 135 - 136 . 
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Rorenthal, Franz: Knouledge Triumphant. Leiden 1970 . 


id.: State and Religion according 10 Abü 1-Hasan Al-*Armir. In: Jslamie Quarterly 3, London 1956, 
pp. 42 - 52. (Reprinted in: id., Muslim Intellectual and Sucjal History, London 1990. = Vario 
rum Colleeted Studies Series). 

Rowson, Everett K. : À Muslim Philosopher on the Soul and Iis Fute: AL*Amiris Kitôb al Amad 
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Sardar, Ziauddin: The Future of Muslim Civilization. London 2 1547. 
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Schimmel, Annemarie: Tslamie Calligraphy. Leiden 1910. 
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naturalium et medicinalium, 28. 
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1985. 
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geschichte 32, Düsseldorf 1965, pp. 201 — 220 

Wiedemann, Eilhard: Aufsätse zur orabisehen Wissenschafisgeschichte. Ed, by Wolfdietrich Fischer. 
1 IL Hildecheim, New York 1970 . 
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This is an attempt by a Muslim physicist of the 20th century 10 under- 
stand science and technology in Islem not only as an expression of the wis- 
dom of God, not only as the rehearsal of a glorious past which is claimed 10 
be equal er even superior to Western science and technology” but also 
28 a part of the universal development cf science and technology for the 
benefit of mankind . Islamic religion has again become a motivating force 
for science and technological development : it ean contribute to the 
formation of moral consciouencss, altheugh it dæs not determine the con- 
tents and methods of science and technolagy* . 


Contrary to what has ben maintained by some fundamentalists of 
modern Islam”, religion and science or technology do net form an integ- 
rated whole with regard to contents and method. Such an assumption neces- 
sarily leads 10 a recently expounded” postulate of a universal *” maero- 
paradigmatic” Islamic worldview, of a ‘’holistic system", within which a 
science is developed which is not any more in conflict with Islam , with 
religion andits ethics. Such an hermony of Islam and science can be found 
infthe beginning of the history of Islamic science-in so far as we can find 
“the Qur'än as stimulus of science in early Islam”. Its contente and me- 
thods, however, are developed primarily from within science, which thus 
foundite own identity, received its own righte and became an equal partner 
of religion. This partnership meavs mutual dependence and exchange 
of roles, 


The mentioned exchange of roles between Islam and science has a par- 
allel in the history of cultures and their relations to each other: examples 
are Islam and Europe in the Middle Ages and on the whole permanent 
worldwide interactions of cultures in modern time, À participant of this 
interaction continues to be Islam and its cultural heritage. 


93, Cf. Qaisar (a Muslim scholar); Maula (esp. pp. 273£.) - 

94. This correct view can also be found in the already meutioncd article by Quiser (pp. 242£.). 

95. Cf. e. g. ath-Shakrastént (born 1883): Sardar, Science (esp. pp. 29.); id. Future; The Touch 
of Midas and o Japanese sympathiser, Toshiyuki Akiyamo, Ialamie Perspectives exp. pp« GT 

96. + Butt, Science and Muslèm Scities, cp. pp. 317. 

97. This is the title of my article in Jelumie Thougbt & Scientific Creativity 2/2, Islamabod 1991, 
pp. 29 - 42. 
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forms part of economie and religious bistory and opens a chapter in the 
conquest of human freedom, 


After À. D. 1100 science and technology in the Tslamie world show the 
the first signs of stagnation; historiaus of science speak of " decline ”. We 
should, however, be cautious in the use of such a 1erminology. Islamic cul- 
ture seemed te be declining because somewhere else, in medieval Europe, 
scientific. technological progress was oceuring. Yet this very progress was 
partly based on the preceding progress in Islam. Islam contributed to the 
development of mankind, even if its achievements have been replaced by 
new scientific findings, methads and interests. Moreover, we should realize 
that even those periods of Islamic culture, which have been classified by 
historians as periods of decline , have contributed to scientific progressté. 
The European Middle Ages took over the Islamie heritage!”. But in 
Islam we cannot find a comprehensive connection between the theoretical 
study of nature and technology, as could be found much more in Europe". 
Technological progress could not keep pace with the theoretical knowledge 
of nature . This finally led to the stagnation of sciences in classical Islam 
where after 1100 A. D. traditionalism and isolation increasingly impeded 
unprejudiced research; religions dogma mere and more determined and 
limited the aims of scientific research. Research in nature for nature’s sake 
was not fully developed and on the contrary was replaced more and more 
by religious teleology . 


What is the situation in the modern Islamic world where modern tech. 
nology has been introduced? The Pakistani Nobel Prize-winner Moham- 
med “Abdus Salam in his already mentioned paper from 1983 , points to 
the necessity for cooperation between science and technology in Islamic 
countries. À prerequisite is committed, unprejudiced and guaranteed 
protection for scientific research which administers itself and which is in- 
ternationally orientated”, Individual scientiste engaged in research have 
to keep to the obligations of Koran and Sunna, in which they are invited to 
reflect on nature and its technological control . Science gives us insight 
into the world and the plan of Allah, promotes material wealth andisinits 
universality a means to the cooperation of all mankind and especially the 
Arab and Islamic nations’? 


A5. CE White, Medieval Religion p. 22. 
86. This icated in a paper by Elena. 

87. Cf. Whüe, Medieval Religion p. 85 and tbe volume on. Seience in 1he Middle Ages, ch, 1 = 2, 
88. CE. White Medieval Religion p. 227. 

89. + abov n. 30. 

90. *Abdus Salam p. 125. 

91. *Abdus Salam pp. 124f.; cf. abave n. 30. 

92. “Abdus Salam p. 127 
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Muslim victory in the Crusades” … From the time of Saludin in the 6th/ 
12h century gun-powder, ériginally a Chinese invention, seems ta have 
been used more and more in incendiery bullets and grencdes, wreaking 
terrible havoe”. Atthe ame time canons were introduced; we find them 
at the beginning of the h/181h century in North-Africa and Spain. The 
Mamluks used thon with much success against the Mongels in the 7th-Btb/ 
13th— J4th century ®. Gurepowder sv d caron resched Europe via Spain. 


An importe nt weupoi which wes developed and successfully used by 
the Arabe was the ship. Ships played an essential role in trade and wart. 
They guaranteed connections between seperate parts of the Islamic empire; 
perhaps even in the 3rd/9th century#! and certainly from the Tth / 13th 
century on seimen could vse the magnetic compas” . - Loanwords like 
“eorvette” (from ghuréb ” raven ”) or French ” challand "(from shallandt ), 
a scow or flat-bottomed ship for cargo transport. remind us 6f this glorious 
past of Arabie ship-buildin 


We have reached the end of our survey. We have seen that nearly all 
the religious duties of Islam, shabäda , salät. sawm , hadj and djihädi, 
have encouraged scientific-technologieal activities and integrated them into 
a simultaneous contemplative and activistic notion of belief ; religion in- 
spires 10 knowledge and action, but sometimes-as history shows-it has de- 
termined and limited knowledge and action to the detriment of scientific 
and technological progress. In this the technology of Islam dæs not differ 
frow technology in the European Middle Ages. In both cases technology 


71. Of. AtHassan/Hil pp. 106. 

76. CE. AlHassan + Hill pp VIS. — On the history of gunpowder which is not yet clear , cf . 
IPhite, Medieval Technology pp. 967. However, according to Needham, Science V/1 ( Military 
Technology: the Gunpowder Epic), 1986, pp. 39. the nse of ganpowder during the Crusades 
cannot be proved with certainty ; possibly the Arabs t00k over the Chinese technique of gun 
powder fabrication from Mongol in the Gth/ 124b century (pp. 63 and 373 £.); already around 
900 A. D. Arabs themselves transmitted 10 the Chinese the fabrication of *’Greek fre * resp. 
af" destillated petroleom "+ ef. pp. 00, 86 und 92. 

79. CE. AlHassan/Hill pp. 21. 

20. Cf. Al-Hassan/Hil pp. 123%; Chriatide» 

81. One single piece of evidence From the 2r8/9th century (A. D. 854) is mentioned by Wiedemann, 
Anfsätse L p. 37. The mejority of Islamic evidences, however, is late: ef. besides Necdham 
UC the following note } aleo H'iedemann, Gesammelte Schrifcen 1 pp. 102.; 282 ; IL p. 883: 
A pp. 12037; 1041 and 1107. 

82, CF. AlHassan/ Hi p 129. — It is not yet clear whether the Arabs have invented the compass 
independentiy fro Lhe Chinese: ef, Needham, Science 11/1 (1962), pp. 245. - Simulianeously 
the Arabs had a deep interest in cartography and cosmography which both have their roots in 

the Hellenistic-Greck world: ef. ort Kharifa, Djughrfyé in ET2. 

83. CF At-Hassan/Hill p. 130. 

84. C£ on them Haarmann. 


SCIENCE AND TECHYOLOGY VERSUS ISLAM: 127 


in mosques or tombs of Islamic sainte and later sometimes even in Christian 
churches of the Middle Agest The technique of spinning with a spinaing 
wheel was already known to the Arabs at lezst before the 4th/ 10h century 
snd entered medieval Europe befure the Ttk/14th centuayf 


A recently published illuetrated history of Ielemiic 1echnelogy - the 
first ofits kind bos with gccd rescers clessificd Islrmie rcligien &s the 
main impulse behi d'ihérise cl scie ces in Ielem: cconmoicel wealth and the 
demand fer seier ce ar d technology go together and are able to overcome 
destructive religious-political feratiem sch vs that, which has often deter- 
mined the history of post-elassical Islam sivce the 161h century. Science 
and technology in Islam were inspired by religion z6 long as this conformed 
10 the political end economieal intereste of Ialam. This harmeny guaranteed 
a certain freedom of scientifie-technical ereativity. 


We can realize this even in the bistery of war , especially of the Holy 
War, the djéhäd. The conquests of Spain and Asia Minor and above all the 
Crusades from the end of the 5th/L1th to the 7h/13th century required 
technological developments in warfare. These aiso turned out to be impor- 
tant for the Mamluks whose empire included many peoples and who at 
least initially feared Mongol invasions". The defence and internal conso- 
lidation of the Muslim empire demanded the refinement and development 
of weapons. Famous were the swords from the Yemen and from Damascus: 
steel and iron were of high quality”. Cross-bows”? and machines of war- 
fare turned out to be very impressive” . Towns were fortified and fron + 
tier fortifications were built. From the beginning of Islamic history in- 
cendiary bullets were used and developed into a dangerous weapon. Îtscems 
that from the 4th/101h or 5th/11th century on the Arabs were using salpetre 


and oil gained by destillation®é. This may have been decisive for the 


66. Cf. Al-Hassan/Hill pp. 182. 

67. Cf, Al-Hasson/Hil pp. B5f. 

68. Till now only short surveys by Forbes (pp. 93 - 102) and Wiet/Elessef/ Wlf have been available. 

69. Al-Hassan/Hil p. 282. 

70. CE. Al-Hssan/ Hill pp. 93 

7. On the production of metals in the Islamic empire ef. Al-Hassan/Hill pp. 283 1. 

12. CE. AkHassan/Hill pp. 986. 

13, CE. Al-Hassan/Hil pp. 99. 

74. CE. AlHassan /Hill pp. 102. 

75. On the production and application of oil ef. Al-Hassan/Hill pp. 144 f. 

76. Here, Islamic chemistry had reached a high standard. On the etymology (Chinese chien —» 
Greek chémeia — Arabic al-kimiyä" = l'ehemistry" } ef, Nredhum, Science V/4 pp, M6. — 
Destillation Had al+o been used for the produetion of medical preparations and of alcohol (for 
medical aims), perfs, rosewater or etheric oils: ef. Al-Hassan/Hüll pp. 128 M, À precondi- 
Lion for the muss production of chemistry ae well ac for the refining of sugar and the production 
of syrup (From Arabie shardb: an Arabic invention : + Forbes pp. 99 T.: Al-Hasson/Hill pp. 
220 - 222) were pots and holders of good quality; their fabrication hud become an important 
branch of industry: ef. Al-Hassan/Hil pp. 160— 110. 
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of ancient Egyptian and Gracco- Roman irrigation techniques® were 
essential for more than merely the agricultural revolution in the Eastern 
part of the Islamie empire during the 5th-114h century®. 


Because Islamic belief dæs not allow any picturesof living beings or of 
Gad“, Islamic artistie expression wae concentrated on architecture and on 
ihe iaterior design of mosques®. Here . the artist becume a transmitter 
of old and nèw methods; his growing rputation changed his social position 
from slave to free artison*. He deccrated mosquewalls with ornament 
a typical Islamie mural decoration, which used Hellenistie elements, is the 
arabesque - aud with ornamental script reproducing sirgle Suras of the 
Koran. The artisan used céramic techniques” and decoratiors like mo- 
saics made from coloured stones and glass, a legacy from Byzantine 
artists who had been invited by the Omayyads to Damaseus and later to 
Cordoba®. Mosque decoration reproducing Koranic Suras led to the ap - 
péarance of artistically fashioned handwriting , to calligraphy®. The 
same concern for beauty can be found in the design of the Koran, its script, 
the use of various inksf! and the leather binding®. The artist based his 
work on geometrical structures. These he could learn from numerous work 
by Islamic mathematiciaus who commented on ancient works belonging to 
this field. 


Even the cotton and silk industries which from the beginning played 


an important role in the Islamic empire and entered Europe via Spaintt , 
profited from religious art ; Famous are prayer-rugst and silk covers used 


82. CF, Schioler and EL? V (1986), pp. 859 889 (art ma*). - On Islamic technical literature about 
waterwheels, wells and water-pipes ef. Schmeller and Al-Hassan / Hill. 

53. CF. Al-Hasson / Hill pp. 303 #1. and Watson. 

54. C£. Ipsiroglu; Paret: Strohmoier + 

55. CF. Bianca pp. 121. 

56. Cf. Brian Stock, Science, Technology and Economie Progress in the Middle Ages, in: Science in 
the Middle Ages p. 31. The social status of the artist improved thanks to Lhe social develop- 
ments of the Zad / 8 th and 3rd / 9th century, the revolts of farmers, slaves and poor towndwel. 
lere; these culminated in the 4th / 10th century in the Qarmatien movement, in which high 
estimation of manual labour and art led to the organisation of guilds: cf, Lombard pp. 51. 
and on the role of slaves in the Islamie world ib. pp. 19441. 

57. CF. ALHossan Hill pp. 1608. Lombard p. 188. 

58. On glass mosaice cf. Al-Hassun / Hill p. 156. 

59. Cf. Lombard pp. 187. 

60. G£. e. g. Sehimmel. 

61. Cf. Al-Hassan/Hil pp. 170 fT. 

62. See above n. 38. 

63. E. re Abü 1 - Wafä' al-Büzadjänt (A. D. 940 - 097 or 998) wrote a book ‘* On Geometrical Con- 
structions which are required by the Arsisan®"(Sesgin V [1974] p. 324). 

68. CF. Al-Hassan/Hül pp. T9. 

6$. Cf. art. Sodjdjäda in Eli IV (1934) pp. 48— 52. - Ou the technique of carpet fabrication -» 
Al-Hussan/Hill pp. 271. and on the production of natural colours pp. 174 - 176, 
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ledge and satisfy their curiasity®. The Arabs developed a religions interest 
in many Creek sciences which were mostly transmitted 16 them in trans 
lations by Christiens cfthe2rd-3rd/ 8th-9th century“ ; Islamic astrono- 
mers studied Hellenistie trigoncmetry“!, and used their éwn observations 
10 refine the Hellenistie astrolabe® and Hellenistic astronomical mathems- 
ties, This enabled Muslhws to solve problems of measuring time: the deter- 
mination of time ar d place had a practical importance for the regulation of 
prayers, Ramsdän and the qibla®. We should not forget that this some- 
times appeared 10 be difficult in a huge empire with a multiplicity of trade 
relations extending as far as China . 


To further these trade relations aud during their conquests the Muslims 
built roads or repaired existin: ones like these of the ancient Romans in the 
Middle East“. Roads were important not only for trade, but also for 
the haÿj to Mecca. The exchange of ideas between people and cultures could 
profit very much from thems. 


Commercial relations in the Islamic empire® led to economic wealth. 
This enabled caliphs and patrons of learning and culture to finance the cul- 
tivation of sciences, religion and art. Mosques were built, monasteries for 
Sufs, schools and hospitals®. In the building of mosques a style of archi- 
tecture was developed which in its technique of arches and domes# partial. 
ly followed and old - Iranian model and in turn influenced the Gothic arch 
of medieval churches*. The mosques required a watersupply", to 
enable the praying Muslim to fulfill the ritual preseriptiens for cleanliness; 
thus special techniques for transporting water had to be evolved, The tech- 
nology concerned, including the underground channels (qanät) became 
important both for religion and for irrigation. The adaption and refinement 


39. For more details ef. Daiber, Anfänge p. 363£. and id., Semitische Sprachen. 

40. For this purpose the caliph al-Mu'mün (A. D. 814 - 833) organired in Baghdad an” acadeuny 
ef translators (bayr ël-fikma " House of wisdom **). 

41. CF. Sesgin VE (1978) and V (1974) on asttonomy and mathematies respectively. 

42, On the history of the astrolabe in the Arabie and Latin Middle Ages ef. White, Medieval Tech- 
nology pp. 122.; Willy Hartner, art, Aofurléb in: EJ2 1 pp. 122 128. 

43. CF Al-Hassan / Hill p. 26: llyas. 

44. Cf. À History of Technology IL pp. 497 f: 524; Pauly - Wiscowa 2nd ser. , 4. vol. (1932), eol. 
1645 — 1680 ( art Syrien, $ 14 ); Hadjar. 

45. CF. Watson, esp. ch. 18. 

46. Cf. Al-Hassan / Mill p. 78. 

47. C£. Lombard ch. 9, 

48. CF. the survey by Sourdel-Thomine / Spuler and the introduction pp. 18 f. 

49. Cf. Al-Hasson | Hill pp. 73. 

50. Cf. Al-Hasson } Hill p. 34. 

SL. C£ Al-Hasson | Hill p. 45. 
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physies, Mohammed “Abdus Salam: referred in 1983 to this Sura in his paper 
on the Role sxd Development of Science and Technology in the Islamic 
World”. 


The relation of science and technology to Islamic religion is likewise 
stressed by the 4th/10th century Khorasani scholar Abüû 1-Hasan Mubam- 
mad al-©_ mir in his monograph on the moral superiority of Islam (manäqib 
al-lsläm }#. He rank technology among the sciences and classifies it , in 
ti‘caccordance with Aristotle, as part of mathematics (together with arithme 

-geometry, astronomy nd music)? , 


Hereitis our task Lo look at the reality of history and to examine 
whether a relation exists between Islamic religion and science and technola 
gy.andifso , how it exists. As we have seen , the acquisition and oral or 
written#} transmission of knowledge was a central ideal of early Islam. It 
started with the Koran and with allied sciences and continued with religiou- 
s legal knowledge and various ” Islamic sciences *’#, Therefcre it is no mere 
accident that in the middle of the 2nd/8th century, the paper, originally a 
Chinese invention ( around 100 A. D. }#, found its way to the Islamic 
empire . After the battle near the river Talas (133/751) the technique of 
papermaking was taken over from Chinese prisoners; the first paper-mill 
was built in Samarqand’, The fabrication of paper was essential for the 
transmission of sciences in Islam and in the Middle Ages . An im Hessive 
witness to scientific activity are millions of manuscripts which were copied 
in the Islamic empire; this continued even after the introduction of printing 
in the 18th/19th century”. The handwritten book sometimes ingeniously 
illustrated with miniatures and skilfully bound in leather" attracted 
much attention. It was possible to register and study religious-traditional 
knowledge and even foreign sciences in translations from the 2nd-3rd/8th— 
9th century on. The translations include books on philosophy and texts for 
practical use or such as would quench Muslim conquerors’ thirst for know - 


30. See bibliography. 

31. Kitäb ol-T'läm p. 91,1f./English translation by Al-Hessan/Hill pp. 263€. — On the book cf. 
Rosenthal, State and Religion; Rowson, À Muslim Philosopher pp. 8. 

32. The Aristotelian conception was criticiaed by Calitei ia the 16th century: => Kraft pp. 1898. 

33. On the simültaneity of both kinds of transmission in early Islam ef. Schaler. 

34. Cf. Daiber, Anfänge. 

38. Cf. Necdham, Science V/1 (1985) pp. 1 F.: 296. 

36. C£. Al-Hassan / Hi pp. 1905.; Lombard pp. 191 #. - From the midst of the 5/11th century 
paper was being imported in Bysantium from the Telamic countries: > White Medieoal Re: 
légion p. 226, - On the water-mills, which date back to classical times and on the less frequent 
wind-mills in Islam (required for the fabrication of our, sugar and paper) ef. Al Hassan/Hill 
pp. 528. 213 #. and the index, under "* mil 

37. C£. Endress pp. 271 MT; 291 . 

38, CE, AL-Hassan | Hill p. 200; Kdhnel, index, vnder ‘ Bucheïnband' 
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Lynn White seven years later®, White correctly relates the progress of 
sciences to” some degree of respect for manual labor.…., :long with activ- 
ism °*; but be states that progress is to be found more in the medieval 
West than in the East, Byzantium and Islam, Although * for nearly 500 
years the world's greatest scientists wrote in Arabie yet a flourishing science 
contributed nothing to the slew advance of technology in Islam "22. 


Whites opinion requires some revisien, Is it correct to speak of contem- 
plative tendencies in Islam as an obstacle to technological progress? Was 
religion in Islam a hindrance to the development of science and technology ? 
A modern notion of progress, which has its roots in the Enlightenment of 
the 17/ 18th century, seems to be used as a eriterion by many historians of 
science. However, we must differentiate. The idea of progress in Islam, as 
in antiquity®, ean be characterized as consciousness of man's ability , 
life and acting and is not related to the change of contents: it is not related 
to humanity and society*. Nevertheless, the modern historian of sciences 
cannot but include Islamic sciences in the history of progress of mankind . 
The religion cf Islam has not simply been an obstacle to science and techno- 
logy. On the contrary, it appears to have been an important stimulus 


The scientific formation of early Islamic culture started with the study 
of Koran, tradition and law: later it received decisive inspiration especially 
from Hellenistie - Greck eulture, It culminated io original contributions in 
the fields of language and thought , philology and logic, single ficlds of 
Philosophy and natural sciences”. Alrcady in early traditions Muslims 
are advised to acquire knowledge in all fields®*; moreover , religious tradi- 
tion”? and the Sunni ideal of belief®* recommend linking knowledge with 
action, ‘ilm with ‘amal. This has been of great importance for scientific 
thought and action, which could refer to the Koran , Sura 45, 12 - 13%. 
According to this Sura God has given to man the sea at his disposal and also 
everything in heaven and on earth. The Pakistani Nobel prize-winner of 


19. Cultural Climate; ef. id. , Medieual Religion pp. 217 - 253, esp. pp. 2358. 

20. Medieval Religion p. 241. — On the positive Jewish -Christian-medieval attitude towaxds labour 
ef, also White, Was beschleunigte den techischen Fortschirtt pp. 214. 

21. White, Medieval Religion p. 224; ef. also id. . Was Beschleunigte den technischen Fartschritt 
pp. 2. 

22. White, Medieval Religion p. 227 . 

23. CE. Dodds: Meier and on the evaluation of technical progress Van der Pot. 

24. C£. Khalidi; Enderwits pp. 137. and 224f.; on the modern time Djid‘än. 

25. C£. Daiber, Anfänge; Brian Stock in: Science in (he Middle Ages pp. 11 Î. 

26. Cf, Rosentkal , Knaoledge pp. 708. - On the scholar in Islam as *’ a normative model of human 
nature and acting" $ce von Grunebaun pp. 310. 

27. CE. ad-Dérimt (died 255/868), Sunan I p. 106. 

28. Cf. Wensinck; Isutsu; Madelung; Rosenthal, Knowledge pp. 240. 

29. Cf. also Sura 2,164 (159); 3,190 (187) - 191 (188); van der Pot 1 pp. SOI£. 
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book on chemistry (published 1980)" he rejects Nasr's restriction of true 
science to Islamic science. Necdham prefers to classify Islamie science as 
part of the history ef scivuces of mankird. The forms of human experience 
are similar everywhere; Islamic natural sciences are not separate from the 
progressive movement of natural sciences common to all mankind, Not 
religion, nor the sacralizatien ef nature cfers a synthesis of all forme of 
experiences, but ‘the existentiel activity of individual human beings do- 
minated by ethies” (p. XL). Everyone wha studies nature as if nature were 
profane will an the whole be more respectful of divine wisdom". Islamie 
wisdom has not been able to avoid inhumanity in the modern Islamic world, 
wherens modern science has centributed to the welfare of mankind. 


Needham is historian of sciences who is persuaded that every tradition- 
alsystemisinteresting net only in itself but also in relation to our present- 
day pattern of ideas, he has been called a marxist and Christian, a bio- 
logist and historian!*. According to him all cultures in all times have 
contributeë to scientific knowledge, This enables him to view the whole 
history of science as relevant to the present time. Such a view can contribute 
to the development of ethical notions in existential actions, The idea of his- 
tory as development, as continuity nd universality of sciences and techno- 
logy Needhamillustrates in the following manner, including a quotation from 
the New testament, Acts 2,9: * (Islamic science) was part ,1 should want 
to maintain, of all human scientific enterpise, in which there is neither 
Greek nor Jew, neither Hindu nor Han. * Parthians, Medes and Elamites, 
and the dwellers in Mesopotamia and in Judaca and Cappadocia, in Pon- 
tus and Asia … and the parts of Libya about Cyrene. we do bear them 
speak in our tongues the marvellous works of God’, Scientific progress 
according to Needham, is not the result of the unfolding of God's wisdom. 
Science is universal; it is not a legacy of Christianity. 


Contrary to this thesis the German theologian Ernst Benz maintained 
in 1964 that technological progress in Europe has its roots in Christian 
belief®, This was criticised but not completely rejected by the historian 


13. Vol. V/4, pp. XXXVIN - LI. 

14. Neoddhom, Science V/a p. XL, referring to a rermark by Giorgio di Santillana in his introduction 
to Nasr, Science p. XIL . 

15. Noodham, Science V{4p. XL: ef. II (1959) p. XLIT midth. 

16. White, Medieval Religion p. XCIL On the philosophieal biologiem of Needham, who procceds 
From a biologistically interpreted conception of a mniversal uetive intelleet, cf. his anicle 
Mechanistie Biology 

17. Noudhem, Science V{4 p. XXXIX:; ef. also IV/1 (1962) p. XXXI and V/5 (1983) pp. XXVII.. 
where Necdbam disassociates himaelf from Oswald Spengles's view of sciences in different 


cultures us ‘’separate and irreconcilable works of 
18. Fondamenti crintiant della teenica occidentale. Cf. Bens, Evolution pp. 121 - 142: ** The Chris 
tiun Expectation of the End of Time and the Idea of Technical Progress. 
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a highor form of civilization: and besides this, religion restricts the deminion 
of reason , because mankind requires the refuge of phantasy and has hopes 
which cannot be satisfied by philosophy and the exact sciences. 


We are reminded here of the German writer Gotthold Ephraim Lessir g 
who in his * Education of markird * frem the year 1780 identified the 
morality prescribed by reason with the trarseendental truth of all religions. 
Religion appears in Afghänr's eriticism meirly &s a factor which inspires 
human phantasy more than human reason and which can stimulate hopes 
and aspire mankind to new actions. 


Afghäni did not develop these interesting ideas. The relation of reli- 
gion to philosophy and the exact sciences is not explained suficiently. Af- 
ghäni’s classification of religion as something required by human phantasy 
which is not satisfied by reason, contradicts 10 some extent hi description 
ofreligion as being in conflict witb philosophy ar à exact sciences. 


For this dilemma the Jranian scholar Seyyed Hossein Naer offered a 
solution 85 years later in his book Science and Civilization in Islem ( pub- 
lished 1968 and reprinted 1987). According to Nasr the fact that modern 
science could not develop in Islam is not a sign of décadence: it is a result 
of the Islamic idea of science: knowledge in Islam is not secular knowledge 
and differs from what modern science conceived to be the ultimate goal of 
human existence! History of science is not only the progressive aceumu- 
lation of techniques and the refinement of quantitative methods in the 
study of nature; science is not primarily evolution but the unfolding of 
divine wisdon in which all sciences have their place, serving mystical theo- 
logy as the highest form of human experience. Starting from this notion of 
science, which criticizes modern natural sciences as a development of nature, 
Nasr is able to present a positive view of sciences in Islam : these cannot 
be evaluated with the criteria oi modern science. According to Nasr sciences, 
including sciences in Islam , are not only useful but above all aim to relate 
the corporeal world to its basic spiritual principle threugh the knowledge 
of those symbols which unite the various orders of reality”. 


This estimation of Islamic wirdom as superior 10 madern science has 
inspired the historian Joseph Needham to critical remarks in his monumen- 
tal work on Science and Civilization in China; in the introduction to his 


10. This is pointed out by the German trauslator of the Renan-Afghäni-dispute (p. 45, note); on 
Lessing ef. Lôwith pp. 190f€. - An Islamic forerunner from the #/10tk century is the Iebrnaili 
acholar AbG Hätim ar-Räxi who in his boôk on ‘’The Proofs of Propheey" (Aläm an-nubüwa ) 
propounded the thesis of the transcendental vnity of religions and their different forms. ( > 
Daiber, Abû Hätim ar-Räsï pp. 95 4). 

11. Cf. Nasr, Encounuer p. 97 and id, Islam and Modern Science . 

12, See Nawr, Science p. 40 . 
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not distinguish between the divine and the world of experience. Further- 
more, he considered European science as heresy, because it adhered to the 
prineiple of invariability of the law of nature. In Reman's opinion science 
and reason are identical, form the only way 10 ” aan ”, economic ” 
and)” social” superierity and lead 10 ” justice”, *’ human love ” and 
”’ freedom *” 


These explanations by Renan were strongly criticised by Djamäladdin 
al-Afgbäni (1839 — 1897 ). Al-Afghäni was in Paris when Renan gave his 
paper, and he published his answer shortly afterwards, on 18 May 1883, in 
the Journal des débats. Al-Afghänt admitted that Islamic religion in history 
appeared to be an enemy of science and progress: he expressed. however, 
the hope that in future Islam would be free from the dominion and control 
of religion. Christianity had been successful in its struggle against control 
by religion - apart from the heads of the Catholic Church, who still strive to 
rule over sciences. Afghäni doubted . however , Renan’s view of Arabic 
science as being only Hellenistie-Sassanian science expressed in the Arabic 
language. According ta him the Arabs had developed the transmitted 
sciences , improved and accomplished them, Even the Arabs’ interest in 
Aristotle is evidence of their intellectual superiority and their natural sym- 
pathy for philosaphyf. 


Afghäni is giving us here a correct evaluation of the role of Islam. How- 
ever, in bis opinien a reconciliatien between religien and philosophy or 
sciences is not possible’; neither religion ner free thought would be vic- 
torious. Science 100 could not completely satisfy mankind , with its longing 
for ideals and special liking for floatir g in dark and remote regions beyend 
the reach of philosophers and scholarst, 


AfghänŸs criticism sparked off a short reaction by Renan which in fact 
adds no new ideas . It emerges that the two scholars differ mainly on one 
point, namely on the classification ofreligion, According to Renan religion is 
something individual: in the opinion of Afghäni every religion, Ielamie, 
Christian or heathen, is an infinite field for the *” hopes of mankind, of the 
nations * which is following the *” advice ” and the orders of their divine 
“educator ”, which have abandoned the state of barbarism and which ad- 
vanced to a higher civilization and cultural behaviour. Contrary to Re- 
nan, Afghänt dæs not regard religion only as the enemy of science, although 
history sometimes gives us this impression. Like reason religion educates to 


5. Printed in the appendix to Renan, Der Jalam p. 36. 
6. Appendix to Renao, Der Tslam p. 38 . 

7. Appendix to Renan, Der Islem p. 41. 

8. Appendix 20 Renan, Der Jslam p. 42 . 

9. Appendix to Renan, Der Islam p. 35 « 


Science and Technology versus Islam. 
A controversy from Renan and Afghan: to Nasr 
and Needham and its historical background 


Hans Daiser* 


In the past historians of science often gave tbe impression that Islam 
was an obstacle 10 the development cf sciences and technology. They refer- 
red us to the contemplative character af Islam and to its fatalistie tendency, 
which runs counter to every helief in progress. 


This prejudice has a long history: it has itsroots in Christian polemics 
against Islam during the middle ages and received new impetus during the 
period of Enlightenment from the 17th to the 19th century . European 
achievements in science and technology were contrasted with the contem- 
porary deplorable state of affairs in elamie countries, 


An eloquent example of this negative attitude to Telamic science is a 
paper, which the French orientalist Enrest Renan gave at the Sorbonne in 
Paris on 29 March 18831. Renan was deeply influenced by the rationalism 
of his time and considered religion as a main obstacle 10 therise of sciences 
in Jelam, Scientific achievements of the early Arabs should be ascribed t0 
Nestorian Christians?, while the rationalism of Islam was in reality Gracco- 
Sassanian and was implanted in the Latin Occident before it disappeared 
in the East. Islamic religion was an enemy of sciences and philosophy. 


Renan based this negative view of Islam on his view of religion in gen- 
eral . Here, he was influenced by the Enlightenment: religicn ceuseles 
people and helps the weak . Renan‘ referred to the contemporary Egyptian 
scholar Rifäa Bey at-Tahtäwi (1801 - 1873), who according to him did 
* Paper given at the Fourth International Symposinn for the History of Arabie Science, Aleppo, 

April, 1987. 

1. L'Jslam et la science. À German translation (Dex Islum und die Wissenschafteu } was publiched 
in 1883 in Basel, together with a critique by Djamäladdin al-Afghänt and au answer by Renan. 
The dispute je corumented on by Hourani pp. 120 #.: ef. also AM. Hnesani py. 295 €. 

2. Renan, Der Islam pp. 12%. 

Renan p. 16: 

4. pp. 230 
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the finitude of the universe). However, it is not surprising that there was 
an indirect feedback into mathematies , from this application of mathe- 
maties into physies, 2s usually oecured in the history of both disciplines. 


We notice that al-Kindi proved mathematical theormes (Thesis 1 — IV 
of (8) ) about finite and infinite magnitudes using intuitive axioms, whose 
consistency he proved by giving simple geometrieal models; a method which 
is used in modern mathematical logic. 

Although he reached a contradiction by assuming the existence ofinfi- 
nite magnitudes, we must give him credit for the fact that he used axioms 
derived from the commou mathematical praxis to guard himself againet 
inconsistency. He also extended finitistic srguments to the infinite, He did 
not give a complete axiom system for the kird of arithmetic he introduced, 
but he realized that in order to establish such an arithmetic he had to use 
Euclid’s method . 

In another article (4) , we bave shown that al-Kindï arrived at a con- 
tradiction because of the introduction of infinity in geometry. We could call 
this the paradex of the infinite in geometry. We shall compare both para- 
doxes of the infinite in another article. 


The resolution of the former paradex of the infinite needs set theory 
(more exactly, ordinal arithmetic), whereas the resolution of the latter 
anticipates non-euclidean geometry. We claim that al-Kindi arrived at a 
paradex (contradiction) in both cases; but ke did not know what to do with 
it, The resolution of both paradoxes calls for new ideas in mathematics. 
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remarked that there is no possibility Lo go beyond all definite mognitudes, 
because otherwise there would be something bigger than heavers, He also 
remarked that to think about the infinite does not nevcssarily imply its 
real existence : because thought does not disturb or touch npon physical 
existence. All of this is different with al-Kirdï, Al-Kindi makesro difference 
between physical and intelleetual infinities. À body is infinite with respect 
to a certain (mathematical) measure, The mersure is a mathematical model 
(here it is geometrical). We could, therefore. safcly cerjecture that al. 
Kindÿs notion of the infinite is not metaphysical but mathematical. It re- 
mains 50, even when applied to thereal world”. Itis a purely formal concept. 
This is drastiely different from Aristotle's entologieal considération, On p. 
238, Aristotle says that au infinite chject could be reither sin ple nor com- 
plex. On p. 250, he starts considering the quantitative infinite. He differen- 
ciates between au infinity obtained by multiplication and an infnity obtain 
ed by division. On p. 263, Aristotle raalkes the following remark … number 
could be increased to infinity, but it is finite by descensien..." . The distine- 
tion between number and quantity disappears in al-Kindï's work. Accord 
ing to the latter, magnitudes could be measured. It is either divisible by a 
unit measure, or part of it is divisible. 


We have another encounter with the potential infinite in Greek mathe- 
maties in the form of the celebrated Archimedean axiom + but only impli- 
citly. This is more like al-Kindi's argument. 

Some authors like Ivry, Davidson and Walzer (6,9) : considered the 
influence of the Alexandrian philosopher ; John Phileppon, of the sixth 
century A. D. , upon Arab scientists in general and al-Kindï in particular. 
Here again, L reviewed the alleged influence of Philoppon on al-Kindrs 
epistles and fourd it to be not very relevant. Lt is evident that the above 
authors refer to à certain argument of Philoppon regarding the finitude of 
the world body. Philoppon proves this fiuitude by <howiag that, otherwise, 
there would be different infinities relative to different numbers of revolu- 
tions of different celestial bodies. 


Al-Kindi might have been inspired by this work of Philoppon. Al 
Kindi dæs not, however, take up this hypothesis of Philappon as an axiom. 
He proves it logically as we have seen earlier. 


In (8) Walzer mentions al-Kindï's work and gives him some eredit of 
originality. 
Conclusion 

AI-KindFs intention from his epistles was to mathematize the physical 
world as he mentioned on page 192 of (1) (page 432 of (8), the episile about 


* Compare wita his notion of a similarity attache to a body. us diséussed earlier . 
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A similar attivude was taken up by Ivry in bis translation of al-Kind”s 
fret cpistle, also called the "Metsphysies"(5). After Ivry, the only new figure 
to have influenced al-EindPs thought is Jobn Phileppon. 


À complete evaluation of al-Kindï's werk could only be achieved in a 
modern setting of mathematice} logie. It is quite an urgent matter that 
the historian of science must possess the wellrourded knowledge that is pos- 
sessed by the ancient scientist, whose work is under investigation. This 
is becoming more difficult today, due to the proliferation of knowledge, 
which demands the collaboration of an interdesviplinary teamwork. 


À comparison of the notion of the infinite in Greek philosophy and al-Kindi's 
Philosophy. 

The Greck philosophers Thales, Anaximenes and Heraklitus believed 
that the world was made up of finite elementary matter, Anaximender, on 
the other hand, thought that the world was made up of an infinite ele- 
mentary material with no special qualities, called the "Apeiron’. The quan- 
titative infinity of Anaxagoras complements the qualitative infinity of 
Anaximander, It proclaime that matter was made up of an infinity of inf. 
nitely divisible elements . 


The Pythagoreaus conceived of number as finite and possessing def - 
nite mathematical properties. Ît could never become infinite, because the 
infinite could: not possess the elementary properties of nurmbers . They 
bélieved that infinity could be realized in the physical world, that it is an 
essence, and that part of the infinite is infinite too. This position became 
inconsistent with their discovery of the irrationals. 


The infinite was not regarded as a complete entity, but rather as a 
potential becoming. This wss Plato’s and Aristotle’s pesition. It was, there- 
fore, different from the notion of the infinite as used by Anaxagoras or the 
Eleatics. 


Aristotle made a careful study of the notion of the infinite, both in the 
* Physies” and the * Metaphysies ”. The following page citations refer to the 
*Physies (2) when not otherwise indicated. According to him , tbe physical 
and the mathematical coucepts of the infinite are different. In fact, on p. 
208, he gives the example of a point as something whichisneither finite nor 
infinite*. On p. 220, he gives several ways by which a physical object could 
be infinite; by multiplication, by division, or by both together. On p. 227, 
he says that if one looks at the matter from a logical angle … a body is finite 
if it is bounded by a surface, Therefore. no body could be infinite. Even 
sumber couldnet be infirite, For if number or what could be numbered were 
infinite, then they could be counted and exhausted. On another occasion he 


+ Compare with al-Kindi's axiom of tbe infnite + 
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examples with proofs to the very fundamental axioms such as : homoge- 
neous magnitudes ; which are not such that one of them is greater than 
the other, are equal. 


2) We have stated earlier that the orgumentation presented by al-Kindi 
could be considered as a predecessor to ordinal arithmetic or an aritk- 
metie of infinite magnitudes, There are two drawbacks 10 this supposition. 


Firstly, al-Kindi denied the existence of infiuite maguitudes , and 
consequently, the existence of such an arithmetic. He realized that if such 
an arithmetic existed it would be based upon logical axiomatie deductions. 
He, therefore, realized the possibility of extending finite arithmetic to the 
infinite via logic. He was counscious, therefore, of the fact that these basic 
axioms should be checked out against a mathematical model which he 
conjured up from a linear geometric model. À similar process is followed in 
modern mathematical logic 10 check the consistency of an axiom system. 


The second shortcoming is that he did not define the addition and 
subtraction operations on infinite magnitudes. 


3) The formal language employed by al-Kindï is rather rich as we have 
éhown in the formal description of his system. In (8) the authors allude to 
the fact that al-Kindi was inspired by Euclid’s Elements. In a footnote p. 
427, they realize, however, some important differences between both au- 
thors. The differences are too great, in my epinion, ta be discarded. 


The primitive notions in Euclid's Elements are rather different from 
these of al-Kindï. As remarked by the authors in (8), the concept of bomo- 
genéous magnitude introduced by al-Kindi is t06 involved compared with 
Euclid's concept . 


Wbat should be said comparing the works ef al-Kindi and Euclid is 
that both of them make use of an axiom system to prove some facts. The 
purposes and goals are, however, different. 


4) Another shortcoming of al- Kirdie work is 1hat it was not 
mathematically motivated. Fer he commenced his argumentation with 
a theological bias. It was in his intention to arrive at the inconsistency of 
the concept of an infinite magnitude; inorder to support his theological 
belief that body, time and motion are finite and created from uothingness 
with the might of a creator, Thus al-Kirdi wes not aware of what this theo- 
logically inspired methodology could lead to in mathematics. He was in 
terested in general applications of mathematies to diversified fields, and 
especially to philosophy. It did not become obviaus that there was a recip- 
rocal feedback from philosophy and logic, into mathematics until the pre. 
sent century. 
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If ve have tue infinite chjccts a and b (L(a) and I (b) } such that a > b, 
Len bla* ox ble and 6 < a. Therefore, b=u' and a’ € a (the containment rela- 
tion is strict). From this point on, we exp Ki di 10 jump 10 the conclue 
sion that since a°< a, therefore, a is finite. Frem which he would deduce 
that b is finite. However , he made use of a complicated argumentation 
where he employed the notion of a similarity, akin to chat of order-type. 


Ttis very difficult to find out exactly what al-Kindi intends from his 
argument, and whether it adds enything to the soundness of his proof. 
{The proof is, of course, false in so far as it shows that a part of an infinite 
magnitude is necessarily finite. 


AÏ-Kindï elaborated upon the hypothesis that a part of an infinite body 
is necessarily finite, He did this by recurring to a three dimensional simi- 
larity and éhowingthat it bas ends i.e, is finite, Then he made use of thesame 
argument to deduce the finitude of 6 from that of e', knowing that b = a’. 
Equality after al-Kindï is obtained with respect to a volume measuring 
unit. This led him to the desired inconsistency, that b is infinite and finite 
at the same time. 


Areu. B applies directly to the completion of Argu. A. Namely, it takes 
care of the case where the rest cf subtracting the finite quantity from the 
infinite quantity is itselfinfinite. In this case be could have applied Argu. B 
that the body has not decreased by taking a part from it; thus arriving at 
the logical contradiction that the part is equal onto the whole. However, 
be elaborated on that by adding the missing part to a |b, which is already 
infnite. He thus obtained two infinites, the smaller of wbich must be finite. 


The rest of the work which is devoted to the demonstration of the 
finitude of time and motion, dæs not concern us since it adds nothing new 
or relevant to the concept of the infinite by al-Kindï. 


Looking back at al-Kindïs mathematical argument we could make 
the following observations: 


1) Itis truc that al-Kirdi has made some use of what was known from 
the Greek sources about infinity, to some extent. He started from very 
basic properties, and relations (axioms or tautologies, as he called them). 
He then developed his own mathematical proof in a totally logical manner, 
irrespective of whether or not his ideas coincided with the Greek sources. 


To really appreciate the mathematical rigour of al-Kidi , we must 
remember that he elaborated upon his mathematics] proofs in four epistles, 
adding new and then what he found necessary to the completion of his work. 
Thus, for exareple, in one epistle we find him giving linear goometrical 


* This menns: There existe a nâtural nuraber 6 such that be = a. 
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First of all, let us Look at the primitive or fundamental notions (also 
called non-logical), employed by al-Kindï. These are the basie mathemat 
or physical concepts about which al-Kindi writés down his axioms (tautolo- 
gies, as he calls them on page 188 of (1). 


The only physical concept is that of homogeneous body or homogene- 
ons magnitude, By this he means hat falls under one genus; such as line, 
surface . and solid body . He defines a line as that entity which has one 
dimension (length). À surface has two dimensions, length and a breadth. À 
Body or solid bas three dimensions, length, bre:dih and depth 


The non-logical relations among magnitudes are, the order relations: 
bigger than, and the number theoretic relation, divides*, 


The non logical operations are these of a rough set theoretic subtraction 
and set theoretic union. 


The non-logical predicates are, ‘ infinie * and * finite ?, 


In the four epistles he gives the axioms defining these notions, as well 
as, their calculue. In an éarlier paper(4), I have written down these axioms 
explicitly in a modern logical language and classificd them as they occur 
in the epistles. I shall be referring 10 that paper and use its terminology. 


AI-Kindi mixes between axioms and postulates. It is our aim here, to 
analyze the concept of the infinite as visualized by al-Kindi. It is remarkable 
indeed that al-Kindi makes no remark about inf (save for its defini. 
tion) without proving it. In this manner he contradicts his predecessors, 
notably Aristotle, who used only his intuition and philosophical arguments 
in talking about the infinite. 


We shall look at al-Kindÿ's proof of the inconsistercy of the concept of 
the infinite magnitude, and divide it into two subarguments: 


Argu. À al-Kindï starts with some tautologies such as : 


+ aUc>a.be  ete.(ef,(3)). 


He then argues that , subtracting a finite body from an infinte body, the 
result could be either finite or infinite. He excludes the finite case using the 
postulate that the union of finite bodies is finite. 
The infinite case is also exeluded based on the following argument: 
Argu. B The inconsistency of the concept of two non - equal infinite 
magnitudes : 


+ Je should be well understood that al-Kindf dæs not make use of modern logical termimology. 
But that we are analyzing his concept in the framework of modern set theory. 
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tion by formulating al-Kindÿs paradox of the infinite . The resolution of 
sueh a paradox, should lead to some sort of ordinal orfibmetie, such as the 
one put forth by Frege and Cantor in the last century. This is dane with the 
help of modern terminelogy and techniques. A1 the seme time, care is taken 
10 compare al-Kindis ideas and methods with erciert Greek ard Eastern 
sources, especially the works of Aristatle. 


The formulation of the paradox 

The paradox® was formulated by al-Kindï in four epistles discussed in 
(L)in some detail . An English translation of one of the cpistles was carried 
eut by Rescher and Khatchadourian in(7), and another by Ivry in (5). 


AlKindi starts by giving a collection of tmatologies about homoge- 
neous magnitudes, using the relations of equality and inequality, properties 
of basic set operations, as well as the property of being finite and infinite. 
His argument runs as follows. 


Let À be an infinite object. A finite part B is taken from A. The re- 
sulting object C is either finite or infinite . The first case is impossible, 
since the union of two finite objects is itself finite . The second case leads 
to two situations: 


À larger thau C. This leads to C being finite, which is a contradiction, 


À is equal to C; that is the part is equal to the whole; which is another 
contradiction. Although al-Kindi sometimes, makes use of implicit axioms, 
his arguments are quite logical . 


The resolution of this paradox anticipates some form of set theory and 
ordinal arithmetic. AI-Kindï realizes the fact that an arithmetic extended 
to infinite magnitudes has to rely on logical axiomatic deductions rather 
than the intuition. In so far it is quite a remarkable discover. In so doing, 
he is axiomatizing arithmetic as Euelid axiomatized geometry . The arith- 
metic axiomatized here is, however, infinitistie and non-intuitive; whereas 
Euclidean geometry represents the intuition. For if al-Kindi depended 
upon the intuition, he would have rejected the phenomenon of non-equal 
infinities without further ado, se did his precursors, Aristotle and John 
Philoppon . The Enclidean axioms and concepts are figuratively demon- 
strable. Whereas the axioms and concepts of the infinite are not figuratively 
demonstrable. 


ALKind®s Work 


1 should like 10 start with a careful analysis of al-Kindÿ’s work on the 
infinite, which was already studied in (3,4) . I shall concentrate on the 
form of the axioms in à modern setting. 


= Following al-Kindi's formulation, it is more likely to be called a fallacy than a paradox. 
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Jotroduction : 


This paper should be regarded as a contribution 10 the historical and 
philosophieal study of the concept of the infinite, The role that infinity plays 
in mathematics and mathematical logie could only be under-estimated . 


It was through a systematie study of the concept of the infinite by mo- 
dern mathematical logicians that the many facete of this concept were 
discovered. This led to highly respected fields of logic in which infinite mag- 
nitudes were the main issue. We mention as examples. the field of inacces- 
sible and large cardinals of set theory. The notion of higher infinities is also 
an important issue in several mathematical disciplines, such as topology 
and analysis. 


On the other hand, the dialectical concepts of the finite and the in- 
finite are strongly related to mathematical existence. These investigations 
have remained to be domains of controversy among mathematicians for a 
long time. They ended with schisms among different schools; finitiste, 
constructivists, intuitioniets, and others. 


It is our aim here to discuss these matters. We should like to note, 
however, that there has been a general shyness from the infinite in western 
thought, starting with the Greek and continuing through medieval times: 
until Wallis introduced the symbol of infinity in the seventeenth century. 


Arab scientists, however . ventured into the limits of the infinite as 1 
have shown in my paper(4), ard as will be shown in this peper concerning 
the work of al-Kindi. He is to my knowledge, the first scientist to put forth 
a formal (logical) study of this concept, only to arrive at its own contra- 
diction as a mathematical concept. 


In an earlier article (4), 1 have given a formal demonstration given by 
al-Kindi to the effect that the existence of infinite magnitudes leads to logi- 
eal contradictions. At that point the question of the originality of al-Kin- 
dÿs contribution was left unsettled. In this paper, 1 hope to settle this ques- 
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some of them, then which ones? Ard as it is an investigation of nature; 
itis ected when we ask according to the first kind of question * What 
is this natural body obsolutely?” Such as our question ‘What is a 
rainbow ?”, and * What ie rain?” and 40 on. In-some of these (cases) 

13.15 we get to know from this kind ( of question } what its essence is, as 
when we get Lo know that rain is what falls froun tbe clouds - and then 
we would like to know how it oceurs , what occasions it. and why it 
occurs. With respect to the rainbow, we look for its nature and 
essence , for the fret we ask is : What is it? Is it something which has 
(really) come into existence , er is it suggested to our vision ? When we 
have a correct idea of its genus , then we would like to know what 
occasions it. what its essence is, and why it occurs. Our physical 

13,19 knowledge is complete if we know all this. So it is necessary for 
the physical scientist to knew the four causes and to be able to 
enumerate them with all their specific properties. 


The second kind of question also refers to these (causes), for we 
ask ”Why is the beat in summer more intense?” Then we answer: 
"Because the sun is closer to the zenith,” and the cause given here is 
the efficient cause. We say about a mule : * Why did it not give 

14,5 birth? ” Then one gives the answer: ” Because the matter has gone 
10 the ‘bones ef her body, ” and the cause given in this question is 
the material cause. We say:”? Why do teeth fall out and then grow ?” 
We answer: ” Because that is for the best.” ”’And why do eyebrows 
grow in the womb ? ” We say ” as protection for the eyes ”, and the 
cause given is the final cause. We say: Why des an animal move?” 
and we answer: Because it perceives with the senses.” and this cause 

14,10 is the formal cause. So it is necessary for the natural scientist to enu- 
merate these (causes) and study their special properties. 
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APPENDIX 


Translation of Ibn Bajja’s Commentary on the 
Physics 12,9 - 14,10 (edition Ziyada ) 


12,9 Physical science is a theoretical discipline, s0 it must have these (three) 
things. Îts subject-matter is the physical body, and everything in this 
discipline is connected with it and with its different kinds, and (this 
sciene) gives its principles and causes. 


Most thinge which are treated in natural philosophy are known 
by perception, but we are looking for knowledge of its causes, or the 
causes of its causes absolutely, regarding to what exists absolutely, 
like the white, for instance, We know its existence by perception, but 
we do not know its causes , because we cannot canceive it by ( only ) 

12,15 that to which ite definition refers. We also know the existence of 
many of its attributes ; but we do not know firetly by which of these 
it exists essentially, and which of these are existing by it, and which 
of these have no existence by it nor are a condition for its existence. 


Although we know the answer, we may also ask when we see the 
white on a certain place like hair, why is it there? This is another ques- 
tion than the first one ; and the cause which is given is a cause which 
is different from the one given in the frst question, and the 

13,5 demonstration which is given regarding to this is a demonstration 
of cause only. 


In other cases it may happen that we do not know its existence 
at a certain place; then we give a statement from which follows its 
existence on that place, and the reason for its existence there, like 
{the statement) that in the body of an old man there is much rotten- 
ness because of the little natural warmth in it. This statement will 
be an absolute demonstration when its premisses are necessarily true 
or (true) in most instances ('ala Laktari), in accordance with what 
is described in the Analytica Posteriora , and therefore are certain . 

13,10 So in both questions it is necessary to give the cause. 


As there are in total four kinds of causes , we should investigate 
whether this science gives them all or only some of them, and if only 
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Ross! quotes Pacius , a 16th — century commentator , who in accord- 
ance with Ibn Ruëd and his predecessors assumed that Aristotle talks 
about two things in this passage: the way to find the principles of natural 
things from the‘ mingled ‘ concrete observable things in 184a 16 — 23, 
and the order in which he will treat the different subjects in his books in 
184a 23-26. (According to Pacius Aristotle means with 184a 26—b12 even 
a third method, not an illustration of the former one). 


Ross assumes however that in fact Aristotle means only one procedure, 
namely the first one. Therefore according to him 184a 23 — 26 also refers to 
this procedure , and xaféav means ( diferent from its usual meaning) the 
avyeyuptwes ; the ubject known by perception to have some general cha- 
racteristie (e. g. being an animal), whereas one dæs not yet know its specific 
characteristies ( e, g. whether it is a horse or a cow ). 


Wagner? assumes the same sense of xafékou : the perceived, still 
undiflerentiated thing. 


Wicland's interpretation is the same as that of Ross : he says that 
the sauf means what is known in an undetermined ,_pre-reflexive 
way, whereasthe af Éaore is what is known with exact , explicit know- 
ledge, including knowledge of causes and elements. 


Konstan, who devoted a special article on this subject , agrees with 


these commentators after having analysed the example of the babies in 
184b 13 #. 


All above-mentioned commentators agree in their explanation of 
184a 16-23 with the Greek and Arab commentators, but they do not agree 
with them about 184a 23 - 26, There according to the Greek and Arab com- 
mentators Aristotle talks about something different, whereas according to 
these modern commentators he talks about the same thing. 


Charlton* finds the sentence 184a 23 — 26 obscure , but he thinks it 
probable that it means that Aristotle will first give a general account and 
talk about the principles of physical objects generally , without distingui- 
shing between the different sorts of things like plants, animals, houses, ete, 
Tndeed, this is what ke dæs in the Physies, whereas in his other books he will 
treat the different sorts of physical objects: the celestial bodies, the four 
elements, the plants, the animals, ete, So Charlton completely agrees with 
the Greek and Arab commentators. 


Ross 466. 

Wagner 305. 
Wieland Kapitel LIT. 
Charlton 52 . 
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called ® dalil * ( sign ) . Thus [bn Sinä made the same distinctions as Aris- 
totle and al-Faräbi, in a somewhat different formulation. He also mentions 
the four types of questions which Aristotle gives in Anal. Post BL. calling 
them mallab al-ayy, mallab li-ma, malab hal and matlab ma, 


Ibn Bäjja has written a commentary on the K. al- Burhänof al-Färäbi. 
It is not surprising that he distingoishes the same three kinds of preofs as 
al-FäräbP. Furthermore in one of his Risalél he states: there are three kinds 
of proof: the proof of the existenee , the proof of tbe cause and the abso- 
lute proof which gives both existence and eause . Ibn Bzjja’s treatment of 
the question in his Commentary en the Physics is different, As we mentioned 
above, his distinctions there 2re more reletçd to Aristotle”s Anal Pest. BL. 


The same three kinds of proof are mentioned by Ibn Ruëd in the 
Proemium of the LC*, where he says that there are three kinds of demons- 
trations: demonstratio signorum (dem. quod est), demonstratio eausae (dem. 
propter quid) and demonstratio absoluta (dem. simpliciter). In physical 
science it is primarily the first two which are used. Absolute demonstrations 
oceur most often in mathematics . What [bn Ruëd says about this in his 
Long, Middle and Short Commentaries on Physies 1,1 agrees with this divi- 
sion . The demoustratio signorum and demonstratio causae are also men- 
tioned by Ibn Ruïd in his Quaestiones in Physiea , where he says that the 
first proof is like saying that the shape of the moon is spherical because the 
light increnses in its shape, whereas the second proof is like saying that 
because the moon is spherical the light increases in its shape: the proof of 
cause is better. 


To sum up it may be said that all commentators are agreed on the 
question of which kind of proof is used in physical science: that is the proof 
which starts from what is more known to us (the physical phenomena) and 
which gives as conclusion what is more known according to nature (the 
causes of the phenomens). Such a proof is a proof from * signs ” (dala'il), 
and it gives knowledge of the existence of the cause (proof of existence). 
Ifwe already know a cause, we may start withit and construct a proof which 
derives from it a certain phenomenon. This is called a proof of the cause. In 
mathematies that which is more known to us is also more primary according 
+0 nature, so a proof starting with these primary things results in knowledge 
of secondary things, and gives the existence and cause together. 


The discussion on the interpretation of Physies L,1, especially of 184a 16 — 
26. has continued until the present time, as may be seen from what follows. 


Ibn Sia (2) 67. 

Ibn Bäjja (4) LIB,4 F . 

Ibn Bajja (8) 91,15 17. 

Ibn Rusd(1)4B4-9  4E4- F4 
Tbu Ruid (4) 25 - 26. 


nesre 
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taken by Philoponos in his comment on Physies I,1 (see above- the example 
is taken from De Caelo 201b20 ff, and Anal, Post. 78b5 f.)!, 

‘The light of the moon increases (and decreases according 10 its phases). 

“Things whose light increases in this way have the form of a sphere. 

Therefore the moon bus the form of a sphere. 


This is a demonstration of the fact only, not of the cause: we do not say 
that the moon is a sphere because it displays the different phasses, but the 
other way round. These demonstrations of existence are also called dalä'il 
(signa, indicatives), for the middle term in such a demonstration is the sign 
(ad-dalil  observable phenomenon), which is primay in our knowledge , 
but secondary in existence (e, g. the different forms of the moon}? 


With respect to demonstrations of the cause, al-Färäbi remarks that 
these occur when we already know the existence, either by sense experience 
or by a demonstration of the fact. This kind of demonstration gives the cause 
of the fact?. 


Ibn Sinä also treats this subject in his books Kitab aï-Sifa', Kit 
al-Isärät wat-Tanbihät and Kitäb an - Najät. We give his discussion from this 
last book*. 


He distinguishes between a demonstration of the why” and a demons- 
tration of the” that ” (burhän al-lim . burhän al-anna), In the demonstra- 
tion of the * why ” the middle term is the cause of the relation between the 
two terms of the conclusion, in reality as well as in our mind. This demons- 
tration proves that something is, and also why it is. As an example he gives 
the following syllogism : 

This piece of wood is affected by something hot. 

Whai is affected by someching hot is being burned. 

Therefore this piece of wood is being burned. 
In the demonstration of the ‘’ that ” the middle term is the cause of the 
relation between the terms of the conclusion, but only in our mind, not in 
reality, and it dæs not give the reason of the existence of the thing, only 
the fact of its existence. Example: 

“This piece of wood is being burmed. 

What is being hurued is affected by something bot. 

Therefore this piece af wood is affected by something hot. 
In this case the middle term (being burned) is not the cause, but the effect 
of the relation between tbe terms in the conclusion, and the minor premise 
is more known to us than the conclusion. À demonstration like this is also 


ALFäräbt (1) 40,15 — 21. 
ALFAräbi (1) 41,22 — 24. 
AL-Päräbr (1) 42,2 — 5. 
Thu Sin (2) 66 EF. 
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These four types of question correspord to those which hi 
distinguished by Ibn Bäjja (see above). The first aud third quertior 
answered by a proof of the fact, and the second and fourth by a proof of 
cause, 


In order to get an idea of the sources of the commentarics of Ibn Bäjja nd 
Tbu Ruëd on Physies 1,1 we shall give some examples of what may be found 
in the Arab commentaries on the Anal. Post, 


In al-Färäbi *s Attainment of Happiness there is a passage in which a 
distinction is made between the principles of instruction and the principles 
of being! . This is the same distinctien as the one made by Aristotle in 
Physies I. between the things which are more known to ns and those which 
are more known according to nature. ie. the sense experiences and their 
causes, AI-Färäbt says Chat if the principles of being for & certain object 
or fact are thesame as the principles of instruction fer it, then demonstra- 
tions which start from the priveiples ef being give bath the fact and 
the cause. If the principles of being and those of instruction £re not the same 
(because the principles of being are obscure and not known from the 
beginning), then a demonstrationstarting from the principles of instruction 
gives only the fact , not the cause. 


In the science of natural things the latter of these two cases generally 
oceurs, and demonstrations proeced from the principles of instruction to 
the principles of being. 

When we have obtained from the principle of instruction AI a principle 
of being B, then we may dérive from B other principles A2, A3. ete. which 
depend on B and which were still hidden from us. This is the procedure 
mentioned by Ibn Ruëd when he said that after having leurned the cause 
we may use this cause as a middle term in a proof which gives the cause af 
some of the properties, and of which Gersonides also gave an example. 


In his commentary on the Kitb al -Burhän (Anal. Post.) 2l-Faräbi 
distinguishes three kinds of demonsuratiens: demenstrations of the exi 
tence, demonstrations of the cause and absolute demonstrations which give 
the existence and the cause together”. A demonstration of the existence 
gives us knowledge that something exists ( ’ilm anna 1-Fay'), and a demonst- 
ration of the cause provides us with knowledge why something exists (im 
li-mä $-fay Ÿ. In a demonstration of existence à result which is prior in 
being is proved starting frem something which is posterior in being, but 
prior in knowledge . As an example he takes a syllogism which was also 


1. AlFarbi(2) 15 1. 
2. AIFäräbi (2) 17. 

3. AParähi (1) 26,9 — 11 
4. al-Färäbi (1) 25,16 - 18 
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‘The planets do not twinkle, 
What dæs not twinkle is close to the earth. 
Therefore the planets are elose ta the earth. 


Proof of the reason why is : 


‘The planets are close ta the earth. 
What is close to the earth das not twinkle, 
Therefore the planers do not twinkle. 


The proof of the fact proves the existence of the fact which is given in the 
conclusion , and which is the explanation of what is stated in the minor 
premiss. The minor premiss is not the explanation of the conclusion, for one 
dœs not say that the planets are close 10 the earth because they do not twin- 
kle. In the proof of the fact one starts with something which is more known 
to us, an observation. and arrives at a conclusion which states a fact which 
was less known to us (but more primary according to nature: the cause of 
the observed phenomenon). 


In the proof of the cause the conclusion is already known. but the 
proof starte with the explanation of the conclusion as minor premiss.Indeed 
one may say that the planets do not twinkle because they are close to the 
earth, In the above-mentioned examples one can form a proof of the fact 
and a proof of the cause with the same terms because the major premiss in 
the syllogism is convertible: both statements * If something is close to 
the earth it does not twinkle” and ‘ If something does not twinkdle it is 
close to the earth” are true, If the major premiss in the proof of the fact is 
not convertible, then the proof of the cause cannot be formed. Then a proof 
of cause may be given if the cause is already known in one way or another 
(eg. because it follows from a syllogism on some other aspect of the subject, 
or because it is obvious ). 


The examples in Gersonides super-commentary on Ibn Ruëd’s Short 
Commentary of proofs of existence and proof of cause (see above) corres- 
pond to these Aristotelian examples, One may say that the light of the 
moon incresses and decreases in proportion to the distance from the sun 
because the moon receives light frem the sun, not the other way round. 


Another distinction, also related to the subject under discussion here, 
is made by Aristotle in Anal. Post, B1 89b25. He says that one may ask four 
types of questions : one may inquire about the fact, the reason why, whe- 
ther something is and what it is( xd ôre, + dôme, el Éorv, ému ). These 
questions may be formulated as follows (S: subject P: predicate): is S P?, 
whyisS P?, is there something as S?, what is S ? The last two questions are 
about something by itself: the first two are about something in relation to 
something else . 
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Appsrent}y the fact expressed in the minor premiss is a kind of observable 


feet and more known to us, sû this is a proof of existence (of the fact expris- 
sed in the conclusion). But it is a proof ef the cause st the same time, boruse 
it is proper to say that the actions uf young mén in spring are alinost perfect 
because their natural warmth is mors intense. 


Our survey of Ibn Ruëd's diseuseion of the different kinds of proof inscionce 
may help to understand Tbn Bäjja's text on this subject, which oceurs ct 
the beginning of his commentary on the Physics. À translation of this pas- 
sage is given as an appendix . 


It appears that Ibn Bäjja discerns two kinds of questions (13,3-4, 
13,13 and 14,2). The first one is about the existence of something by itself, 
and the second one is about the existence of something in relation to 
something else. In both of these cases one may make another distinétion, 
and ask about the existence itself and about the causes of the existence. 
Thus we have four questions: does the thing exist by itself (in the physical 
sciences we can generally answer this question by observation), what are 
the causes of its existence, does the relation exist, and what are the causes 
of the relation. The causes are alweys the four Aristotelian causes (matter, 
form, efficient cause, final cause). 


As for the existence of something in relation to something else , he 
gives two examples from which it becomes clear that two different kinds 
of proof should be distinguished, se. the proof of the fact ard the proof of 
cause, These proofs correspond to the questious whether the relation exists 
and what the cause is of the relation. If one already knows the fact of the 
existence, then one may ask about the cause of its existence, e. g. ” What 
is the cause of white in hair?" Ibn B explicitly states that the answer 
to this is given by a proof of cause. If we do not yet know the fact, then we 
may give a proof which gives the fact and the cause together , like the proof 
that there is much rottenness in the bodies of old men, because there is little 
natural warmth in them. Such a proof is called an absolute demonstration, 
because the fact and its cause beccme known. Remark that the above men- 
tioned example by Ibn Ruëd of the vatural warmih in young men is stri- 
kingly similer to Ibn Bäjja’s example of the natural warmth in old men. 


We have seen that Philoponos, Ibn Bäjja and Ibn Ruëd recognizcd that 
Physics J.1 deals with the methods of scientific demonstration. and that 
they explained which kinds of demonstration one may usc. This subject is 
treated by Aristotle in the Analyiica Posteriora. In Anal. Post. À 13 Aris- 
totle distinguishes between understanding the fact ard understanding the 
reason why. À proof of the fact is : 
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sion below the examples from Gerscnides’ snpercommentary. Ibn Ruïd 
starts bis diseussion with the distinction we alrezdy know from his Long 
and Middle Commentaries , namely between sbsolute demonstrations 
which &re used in mathematics, and proofs (delail), which are used in the 
physieel sciences. The proofs used in physical science start with statements 
on things which ère primary ii our knowledge (which £re more known tous, 
like observable pheremena), but which are secondery in existence (i, €: 
wbich depend on the existence of éther things, se. the causes). For instance 
(example from Gersonides): 


The moon is something whose light increases and decreases in a mesure proportional 19 its 
distance from the sun . 


Something whose light ivereases and deercases in a measure proportional to its distance from 
the san is something which receives light from the sun. 
Thérefore the moon recrives light from the sun. 


This syllogism sterts with a phenomenon and gives as conclusion a fact 
wbich explains the phenomenon (its cause). This is called a proof of exis- 
tence. One may also give the following syllogisma: 


The moon receives light from the sun. 

Something which réceives light from the sun is something whose light increases and decreases 
in a measure proportional to its distance from the sun, 

Therefore the moon is something whose light increases and decrenses in # measure proportional 
0 its distance from the sun 


This is a proof of thé cause. The conclusion is already known, and the proof 
starts with the cause, which was less known to us. 


When we know the cause, either becanse the cause is evident or 
because it was found as a conclusion in a proof of existence , we may useit as 
a middle term in a syllogism which gives the cause of some of the proper- 
ties, for instance : 


The moon is something which receives light from the sun. 


Something which receives light from the sun is such that when an obstacle prevents the light of 
the sun from réaching it, t is deprived of light . 


Therefore the moon is snch that when an obstacle prevents the light of the sun from reacbing 
it it is deprived of light. 


This is a proof of the cause of à lunar eclipse . 


Sometimes it is possible to give in one syllogiem the proof of the exis- 
tence and of the cause together, for instance (example given by Ibn Ruëd 
and brought in syllogi 


Young men in spring are such that their natural warmth is more intense, 
Those whore natural warmth is more intense are those whose actions are almost perfect, 
Therefore young men in spring are those whose actions are almost perfeot, 
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The Short Commentary of Ibn Ruëd dæs nt offer different points of 
view from those in the Long Commentary and Middle Commentary! . 
It is worth mentioning that Ibn Ruëd here calls the composite individual, 
which is more known to the senses ( Aristotle’s ouyueyuéor ), éayr 
munfasil or éaÿr mutamayyiz, this corresponds to Phileponos” éégstee or 
dBtapbpéros 


The subject of Physies J,1 is how 10 find the principles of natural things, and 
finding these principles implies that 1e have to prove that the supposed 
principles are the right ones. This means that wwe have to give a demonstra- 
tion by which it is shown that a certain state or condition of a natural thing 
follows from more primary facts or principles . Therefore Physies 1,1 in 
fact deals with methods of scientific demonstration. This was recognized 
by Philoponos, when he remarked that there are different kinds of proof in 
science (see above). Ibn Ruid also saw this clearly: he called one section of 
his Long and Middle Commentaries on Physics J.1 ” On the Kinds of Proof 
in this Science” ; in his Short Commentary this subject is discussed even 
more extensively, as we shall see below. The main topic of Ibn Bâjja’s 
commentary on this chapter is also the different kinds of proof in science . 


We shall first discuss Ibn Ruëd’s treatment of this subject from his 
Short Commentary ; as be may be understood more easily than Ibn Bäjja. 
For a complete understanding of his commentary, however, we need the 
supercommentary of Gersonides on the Short Commentary. This commentary 
is quoted by Harvey? The relevant section from Ibn Ruëd's Short Com- 
mentary runs as follows: 


There are two ways to obtain knowledge: 1) The way used in mathematics . Here wha 
primary in our knowledge (what is more known to us) is also primary in existence . One starts 
with these primary things, and dérives from them secondary things (less kaowa to us, and aléo 
secondary in existence), Such a derivation is called an absolute demonstration (burhän mulag). 
2) The way used in physical science . Here what is primary in our knowledge is secondary in 
existence, Profs consisting of statements on such things are called proofs from signs (dala° il). 
If we have knowledge of the cause . we ean use it a a middle term in a syllogiem which gives 
the cause of some of the properties. These are proofs of the cause only. Sometimes it ie possible 
to give a proof of the case and of the existence together-for instance, the actions of young men 
a spring are almost perfect, because at that time their natural armith is more intense. This 
is impossible however for each kind of thing , for the causes of the existence of a certain kind of 
thing are form, matter, effective cause and goal . 


The different kinds of proof used in science are discussed here more exten- 
sively than in the Long and Middle Commentaries, but in a very concise 
and rather elliptie way. For a better understanding we give in the diseus + 


1. Ibn Ruëd (3) 9,2 - 11,10. 
2. Harvey 426 ff. 
3. bn Ruïd(3)9,7-10,5 . 
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a" proof of cave and existence ‘or! abrolute demonstrétion"": if whet js more known to us 
is not what is more knôwn to nature (the causes), then we get a proof " from signe" 


Ta order 10 find the causes and elements of physical thinge we bave to start with wbat 
js more Enown to us, and these are the composite, sensible things (this particular land , this 
particular dog), which are composed of its elements or causes. 


The chapter *’On the Order of Instruction" runs as follows! : 


We aliaye have 10 start with «hat is more known to us, This means that in the order of instruc- 
tion we have to start with tlie more general and procecd to the more particulor . The general 
cesembles the composite individual, as 1e general * contains ** many species , and the compo- 
site individual consists of many parts . The composite individual is miore known to the senses, 
and similarly the general is more known ta the reason. 


One sees that in his comment on 184a 16 — 23 (** On the Kinds of Proof in 
this Science”) Ibn Ruid distinguishes, like Philoporos, two kinds of proof:l) 
Te proof in which one sterts with wbat is more known to us (observable 
phenomena ) and gets as a result what is more lmowx to nature ( the causes 
of the phenomena); this proof is called a proof from signs; 2). If primary 
causes are more known to us, we may start with them and get a result which 
is less known to us . Then we prove the fact and the cause of the result simul- 
taneously. This is called an absolute proof . or a proof of cause and existence, 
The first method is the one which has to be used in natural science. It means 
that one starts with the concrete, composite, sensible objects, and tries to 
find the causes and elements out of which they are composed . 


In the comment on 184 a 23 - 26 (* On the order of instruction” — 
tartib at-ta'lim }? it is said that one has to start with a discussion of the 
more general things, for these are more known 10 us. This also corresponde 
to Philoponos. 


We conclude that Ibn Ruëd'e interpretation of xaféhou , 20! Exaora 
and cyxube is the same as that of Philopones , but he more expli- 
cily states his view that Aristotle in 18e 16 — 26 talks about two different 
subjects, In 184a 16 — 23 the discussion is about the method of finding the 
principles and elements of netural things, and in 184a 23 - %6 it is about the 
order of instruction. 


The analogy between the gencral as composite individual and the 
general 2s genus, which was remarked by Philoponos and Ibn Sinä ( see 
above) is also stated by Ibn Ruëd. Just as the genus ” contains ” many 
species, the composite individual consists of many parts, and juet as the 
composite individual is more known to the senses, the genus is morc known 
to the reason. 


2: Ibn Ruëd (1) 7F1 — KI (2) HT - LA, 
2: Jbo Ruëd (3) 10,10. 
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We conclude that Ibn Sin4’s interpretation of the statement that we 
should proceed from the general to the particular is about the same as Phi- 
loponos’ interpretation . Hewever when we compare both texts it is not 
evident that Ibn Sinä has used Philoponos’ commentary directly. The way 
Thu Sinä treats this subject dæs not show any direct connection with Philo 
pones’ text, and it is clear that Jbu Sinä had his own, different approach in 
treating this subject, It may be his original contribution, or may be related 
to al-Färäbis lost commentary on the Physics. 


It is worth mentioning that Ibn Sinä uses words which are different 
from those used in the Arabic translation ofthe Physies by lshäq. For 
instance, the already mentioned muntaïir for cuyxyouévy instead of muk- 
talit, and mabda, sabab and ‘illa for deyh, ane and aroyeta inetead of 
mabda’, sabab and ustuqus. Therefore it cannot be exeluded that Ibn Sinä 
has used another translation. 


The only thing Ibn Bäjja says about this subject is that the discussion 
of the general things has to precede the discussion of the special things 
because in this way one avoids having to repeat the same things several 
times!. 
This argument is mentioned by Ibn Ruid in exactly the same way. In 

his Middle Commentary he says: 

Another reason for this order of instruction is that by treating the general things tret one 

avoids having to repeat the same things several times. For example, after one bas proved that 


every natural object has primé matter, there is no need to repeat this proof for a horse, 4 man, 
less object and a plant + 


The same statement oceurs in his Short Commentary®. Apart from this 
Ibn Ruëd is very explicit about the two subjects which Aristotle discusses 
in 184a 16-26. He devotes a chapter in his Long Commentary and Middle 
Commentary to each of them, with the titles "On the kinde of Proof in this 
Science ” (on 184 a 16 — 23) and ” On the Order of Instruction ” (on 184a 
23-26). The chapter ” On the Kinds of Proof in this Science ” runs as 
follows 
The method of finding the causes and elements of physical phenomena is going from the things 
which are more known to us (and less known according te nature) to wbat is more known +0 
nature (the causes, which are less known 10 us). This method is called the method of sigus 
(signum ). In mathematics the opposite way is used . There we start with the primary causes , 
which in that case are also more known 10 us. 


If the things which are more known to ué and with which we maturally have Lo. start a 
proof are also the things which are more known according to nature, then such a proof is called 


1. Ibn Bäjja (2) 14,11 — 20. 
2. Ibn Ruëd (2) 434k6 - LI. 

3 Ibn Ruëd (3) 11,10 - 14. 

4. Ibn Ruïd (1) 6K8 - 787 and (2) 43483 - HS. 
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«lements and principles, the second one of the species which subsists under 
the general thing. The fret one is prior, or more knewn to the senses; the 
second one is more known 10 the reasont, Thus , the concept of” general * 
(aabénou ) is used by Philpanos during his discussion in two different senses. 


These two meanings of general” may also be extracted from Ibn 
Sins's K. al-Sifa”. The relevant parograph runs os follows’: 


One may consider prineiples which epply Lo esuytling, prineiples for a genur , and prineiples 
for a species, In the order of instruction ane should stort with the more general ; and later 
scuss the particular things. Because the genus is part of the definition of a species, ane must 
know the genus before the speries can be known. The genus is more known to our reason than 
the species-knowledge of the genus precedes knowledge of the species, before knowing what a 
Lorse is one ehould know what uu animal ie. So when we are going to talk about natural things 
and its principles we should start with the more general things (the genus) and its principles, 
and after that treat the more special things, the species. It is the species which is more known 
‘according to mature". 


‘The general is also more known to our observation because one may first see an avimal 
without knowing which kind of animal it is, and only later at éloser inspection discover that 
itie à horse. As we always observe individuals and never a geaus, then in this case jt is not the 
genus which is meant with the general, but what may be called °’ £akÿ muntaÿir ‘ 
(vague, anspecified individuel } 


This iaks muntañir must be Ibn Singe equivalent of ovyxexuubnv; 
he distinguishes between two different ways in which this term may be 
used, but this dæs not concern us here. 


One sees that Ibn Sinä mentions the same two different meanings 
of" the general * which we have seen could be extracted from Philoponos” 
text, se. the general in the sense of a genus and in the sense of an unanalysed, 
unspecified, concrète objeet. Like Phileponos he says that the general as 
geuus is more known to reason, and as Jak; muntatir it is more known to the 
sensee, 


In the next section Ibn Snä disesses wbat the relation is between 
causes (principles) and the things of which they are the cause (principle) in 
connection with the question which of these is primary, or more known to 
us or to zature, In this respect he distinguishes between the cause being part 
of the caused, as the wacd and the form of a bed are parts of the bed, so 
that in this case the relation is between simple things and the thing which 
is composed of them, and the cause being separate from the caused, as the 
carpenter axd the bed . In bath cases he discusses what is primary according 
to our reason, «ecording to our observation and according to nature. 


Philoponos 19,24 — 25. 
bn Siuë (1) 8,5 — 11,9. 
Th Sinä (1) 11,10 - 12,18. 
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This #a%éheu from which we have to start is not something general in the senée that it is 
a genus, but it js something particular (ueptxév) which ie still vague aud undetermined. 1f 
we see someone appronching us from far we say Ehat we see °° à man ®appranching; we do not 
mean that we see the genus man ‘* Ent {hat we see a particular men, only we do not yet 
know who this partienlar man is. 


Up to here Philoponos’ explauation of the #a@éaou dr euyeyuuéwov is 
that they are the conerete observable things which are still unanalysed 
and vague. This is the same explanation as that given by most modern com- 
mentators (see below). Philcpoucs' commentary continues as follows! : 


Starting from this unanalysed XaB6A0, by ite analysis we arrive at the #20 Éxasez, the 
things known with their details and spécial properties: we diseern the appronching man a+ 
being Alcibiades and we can aée his head, eyes, ete. Thue we huve proceeded from the MaËéRoU 
to the af! Éxaora, 


In this way Aristotle proceeds in his diseussion of the principles: he starts with & 
sion of principles in general (e.g. how many principles there are), then he specifies the principles 
of things in general (matter, form and privation) and after that he direusses tbe principles of 
more specific things : the celestial badies . the four elements, rie , ( in his other books on 
nature: Da Generatione et Corruptione, De Caelo, etc.). 


Wesee that Philoponos’ interpretation ofthe words xaéou and xx Éxacta 
changes in the middle of the discussion . First he says that by closer inspec- 
tion and analysis of the concrete, observable but still vague and undeter- 
mined thing ( the xafélov } we may arrive at a full comprehension of the 
thing and its specific properties (the xa8' Exzore ) . Then he says that going 
from xaféhou to %a0' Éxaore means that one starts with considering general 
things and it principles ard then proceeds to a discussion of particular 
things and its principles. Apparently according to his interpretation of the 
passege 184 a 16 — 26 Aristotle is talking here about two things: the way 
from the sense experience of a cencrete 1hing to its principles , which is the 
method of investigation in physical science, and, secondly, the order of 
treating the different subjects in his books, which is that he first treats 
general things and its principles and aîter that particular things and its 
principles . Following this interpretation Philepenos’ commebtary on 
184a 16 — 26 may be summarised as follows : 


We naturally have to start with what is more known to us. If we are 
looking for the principles and elements of physical thirgs. this is the waéreu 
in the sense of the unanalysed, unepecified conercte thing. By eloser inspec- 
tion we may arrive at its #30 éxacra . its principles and elements, If we are 
considering the order of instruction, we bave to start with the 4860 in the 
sense of the more general things. Both senses of 2400 are analogcus 
because they are both a kind ef composite : the fret one is composed of its 


1. Phileponos 14,30 — 16,10 . 
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said in 1£4a 21-23; the xboou arethe ouyeeyupévs andthe 0! Exasta 
are the principles sd elements. Note that xedoeu here has rot its usuel 
meaning * universal”, but means ” a particular thing which is still unana- 
lysed”, À survey of what the modern commertators have said is given at 
the end of this paper . 


However 1£4a 23 — 26 may be interpreted in another way, namely 
that we have to treat general thirgs and their principles first and then 
praceed to the particular things and their principles, wbich is also a way 
of going from what is clearer to us 10 what is clearer according to nature . 
This is what Aristotle dæs if one considers the whole collection of his works 
about natural science . According ta this second interpretation therefore 
Aristotle considers two things in the passage 184a 16 — 26 : the way to arrive 
at the principles and elements of natural things , and the order according 
10 which he will discuss the different subjects, sc . going from the general to 
the particular. 


Te will be shown that Philoponos , Ibn Sinä and Ibn Ruëd scem to 
have had both these ways in mind , but that they did not ail discern them 
cleary : 


Philoponos’ commentary on the passage 184 a 16 — 26 runs as follows 
{we give an account of the contents, not a literal translation): 


In the Aualyties posteriora Aristoile bas said that there are two ways of obtaining real know- 
Jege, theTpôros éroBertexéc and the rpéroc GBaoxalxéc?. The frst method starts from 
first principles (which are more known according to nature) and proves from them secondary 
things, sueh as tbe natural phenomena we observe and which are more known ta us. The second 
method goes the other way round, and may be called the method from ** signs” (rexphpta). 
For instance, someone who sees émoke will conclude from this sign that there must be a fre, 
This method is used if what is primary according to nature js less known to us. For instance, 
in De Coeloi Aristotle proves that the shape of tbe moon is spherieal from the observed 
fact that che moon displays phases, In this way from what is more known to us, se. the pheno- 
menon (sign) of its phases, we draw a conclusion on wbat is less known Lo us, wereoe it is more 
primary by nature, Natural science uses this second method to find the principles of natural 
things. So one has ta start at what is more known to us, whereus it is secondary according 10 
nature, These things are called GUy42yUHÉVE, because they are still undetermined (ädpiotos) 
or umanalysed (48>p0p6 roc), ar also #206100 ; because they comprise many things. It is 
like when we see someone approaching from far away, we first see that something is coming 
towarde us, then ve ser it is a living thing, then we see it is a man, but we do not yet know 
who it ie, nor do we see the parts of his body, his ingers, his aile, so what we see is still sorne- 
Aie GuyXEqpÉ VOS 0e HaDéAoU . 


1. Philoponos 9,4 — 13,17. 

2 In7la 5 Aristote refers 10 these methods as the dednctive and the inductive method 
(ouMeyiqués and Érayayh ). 

3. Cf 291 b 20 ff. The proof is alo in Anal. post. 78b5 ff. 
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Philoponos! Ibn as- Samh Ibn Ruëd’ 
principle deyÿ mabda” common name final cause cffic. cause 
for all causes 
cause  ainou sabab effic. and final effic. cause final cause 
causé 


According 10 Aristotie and his commentators one may say that a thing 
is composed ofits matter and form, so that these may be called the elements 
of the thing; on the other hand matter and form are also called the causes 
of the thing. 


The commentators mentioned above have interpreted Aristotle’s 
statement about principles, causes and elements in a wider sense than the 
modern commentators and have included in them the efficient and final 
causes. This is possible if one assumes that this statement does not refer 
to Physics I only, but to all Books of the Physics : the four causes are 
treated in Physics II. 

Ibn Sinä says that natural things have mabädi, asb&b , and ’ilal, 
but he dæs not assign different méanings to these words. 


Aristotle treats the way to find the principles in 184a 16 — 26. He 
states that naturally we proceed from what is clearer and more known to 
usto whatis clearer and more known ” according to nature” (184 a 1621). 
The things which are more known to us are the * mingled” things 
(rexutve), and by analysing these we arrive at the principles and elem- 
ents(184a 21 - 23). Thus we should proceced from the univereal (woé7eu) to 
the particular ( 29 Exuore ), as the whole, which is a kind of universal, 
is more readily known by perceptien ( 1£4a 23-26 ). The rest of the 
chapter consists of two examples to serve as illustration. 


Problems arose about the meaning ofthe words cwyæyugie (mingled 
things), xaféaov (universal) and wa! Éxxra (particular). 


According to most modern commentators the whole passage 184 a 
16-26 means that we have to start with the conerete things given through 
sense experience which are still nnanalysed and vague (the ouyreyupéux 
or xabékou) ; and by analysis of these we may arrive at their elements and 
principles (the #30' éxarx ) . This is indeed the procedure in Physics 1 , 
wherë Aristotle looks for the principles of changing things. Therefore this 
interpretation says that what is said in 184 a 23 — 26 is the same as what is 


Philoponos 6,9 — 17, 
Ab as-Samh 2,16 — 19. 
Ibn Rutd (1) 6 B 2-8. 
Ibn Sinà (1) 7,5— 8,4. 
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is not a word-by-werd commentary, such as that of Philopones, or the Long 
Commentary of Ibn Ruëd, in which Aristotle’s text is followed and (almost) 
every phrase is commented upon; nor can it be compared 10 an extensive 
treatment of the subjects from the Physies such ae Jon Sina's K. af- Sifa, 
which can be read and understood on its own, independently from the 

Aristotelien text. lt could instead be compered to Jbn Ruïd's Short commen+ 
tary : a coucise discussion of the main subjects from Aristotke's Physics, 
which generally dæs not follow Aristotle's order of argumentation, nor his 
formulations, but which is a survey of what Aristotle says in the style of 
the commentator ; with his own formulations and examples , nd occa- 
sionally with hisown digressiens , in which things are discussed which are 
vot in Aristotle at all. Indeed, several parte of Ibn Ruïd’s Short Commen- 
tary and Ibn Bäjja's commentary have a similar structure . The difference is 
that Ibn Bäjja’s treatise is often less systematic and logically ordered than 
that of Ibn Ruid. 


In this paper we shall discuss Physies . Book I, chapter 1, and compare 
the Arabic commentaries, among which Ibn Bäjja's commentary , with each 
other and with the Greek commentary of Philoponos . 


In physies 1,1 Aristotle presents his method of obtaining knowledge 
about nature, He states that real knowledge about a subject consists of 
knowledge of its principles, causes and elemente (184a 11 — 16), and then he 
discusses the way ro find these (184a 16 —b12). This text has presented prob- 
lens te commentators from Theophrast until the present time. 


In the first place there has been a discussion about the meaning of 
the words principles, causes and elements. Most modern commentators 
agree thatin Physics I they mean practically the same thing. In Book I 
of the Physies Aristotle diseusses the principles of changing things, and he 
finds them to be matter, form and privation. These principles are what we 
would call general concepts, or points of view, used in the explanation of a 
phenomenon, se. the phenomenon of ” a changing thing ”, and these general 
concepts Aristotle calls principles, causes and elements. 


The Greek and Arab commentators tried to identify the meaning of 
these words with the four Aristotelian causes ( material, formal, efficient 
and final cause) . They all agree that ” elements ** ( «royeix, usfuqusät ) 
refers to the causes which are internal in the thing of which they are the 
causes, s0 these are the material and formal cause. As far ae the meaning of 
” principles” and ” causes 
10 tbe following scheme : 


is concerned, the commentators differ according 


Problems in Aristotle’s Physics I,1 and Their Discussion 
by Arab Commentators 


Pauz. Lerrincr* 


Aristotle’s Physics has been commented upon by several Arab philoso- 
phers, e. g. Ibn as-Samb, Ibn Sinä, Ibn Bäjja, Ibn Rutd. The texts of these 
commentaries have all been published. Ibn Bäjja’s commentary is the one 
which was published most recently, in 1973 and 1978. These editions were 
made from a mauuscript . which was the only one known to the editors at 
that time . Another manuseript has been (re)discovered recently , which 
contains a mere complete text. An edition of the parts. which were still 
unpublished, is contained in : P. Lettinck, Aristotle's Physics and its recep- 
tion in the Arabic world ; with an edition of the unpublisked parts of Ibn 
Bäjja’s Commentary on the Physics (see bibliography). The book also con- 
tains a list of differences between both manuscripts. 


Ibn Bäjja’s commentary is interesting, firstly because he isa precursor 
ofIbn Ruïd, who has used bn Bäjja' commentary in writing his commen 
taries on the Physics , and who discusses his ideas and sometimes disputes 
him. Furthermore , some of Ibn Bäjja's ideas are different from those of 
Aristotle and they have been the subject of discussion throughout the Mid- 
dle Ages in the Latin West (e. g. about the laws of motion). 


The above mentioned book of Lettinck contains an account of the 
text of Ibn Bäjja’s Commentary on the Physics, a comparison with preceding 
commentaries (Greek and Arabie ) in order to establish by whom he may he 
influenced , and a comparison with Ibn Ruëd’s commentaries in order to 
establish Ibn Bäjja’s influence on him. À comparison with other comm 
tators, and with Aristotle’s text, is also necessary to understand Ibn Bäjj's 
text at some places, because when one reads thetext on its own, the meaning 
of some passages cannot be understood ; there are grguments which are 
incomplete or formulated 0 elliptically that it is not clear what he means . 
It ie sometimes possible to gain understanding by comparing such passages 
with parallel ones from other commentaries. The commentary of Ibn Bäjja 


+ Paper giveu at the Fourth International Symposium for the History of Arabic Science, Aleppo, 
April, 1987, 
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de hauteur entre les deux emplacements .  L'amenée d'eau 
sera difficile s'ils sont de nivesu, facile si le point d'arrivée 
est plus bas, impossible dans le cas contraire. 


Voici le dessin des trois niveaux: 


Ainsi prend fin ce chapitre. Louons Dieu pour ses bienfaits 
et appelons sa bénédiction et le salut sur son serviteur et 
envoyé, Mubammad, et sur ses descendants sans taches. 
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l'inverse; et s'il y a égalité, ils sont de niveau. Tu transporteres 

de même la scconde pièce de bois du deuxième lieu en un 
quatrième , sans déplacer l'autre , ét ainsi de suite jusqu’ au 

point ultime qui marque la fin des mesures , euregistrant et 
comparant montées et descentes: si elles | se comperseut . les 201° W 
points / d'arrivée et de départ seront de niveau; sinon, comme 134" H 
nous l'avons dit, l’amenée d'eau sera soit aisée, suit im passible /. 89° Q 


Pour utiliser la plaque de cuivre, roue passcrors Je fil 
par les trous de ses oreilles , de façon qu’elle sait en son milieu 
et observerons le fil fin : s’il suit la hauteur du triangle ( c'est- 
à - dire passe par son sommet , les deux emplacements sont de 
niveau ; sinon , le sommet du triargle se porte vers le côté le 
plus haut , comme nous l'avons montré. La suite des opéra- 
tions demeure inchangée. 


Pour utiliser / le tube, nous y passerons le fil, de façon 189 A 
que l'instrument soit en sou milieu , et nous ferens tomber de 
l’eau goutte à goutte dans le trou percé À mi-longueur : si elle 
ressort aussi bien des deux côtés, le sol est de niveau ; sinon , / [332N,87D} 
elle sortira en plus grande quantité du côté le plus bas. Cela 
est évident et se passe d'explication . La suite des opérations 
demeure inchangée. 

Mais revenons au traité, 
= Il a dit : 

Tu observeras la languette de la balance : si elle est sur la 
châsse, Le sol est de niveau ; sinon , elle penche du côté le plus 
élevé. On déterminera la diférence d'altitude en _abaissant 
le fl depuis le sommet de la pièce de bois . jusqu'à ce que lang- 
uette et châsse se superposent : ce sera la hauteur dont on 
aura abaissé le fil. 

- Je dis : 

Si on abaisse le fil jusqu'au pied de la pièce de bois, sans 
que la languette vienne sur la châse, nous passerons dans 
l'instrument un fil plus court , de plus en plus court ; jusqu'à 
ce qu’elles puissent se superpaser . On maintiendra toujours 
l'instrument au milieu du fil. 


— Il a dit : 

L'un des deux hommes va ensuite du côté où le nivelle- 
ment doit se poursuivre , et l’autre réste à sa place, la suite des 
opérations étant comme susdit. On enregistrera séparément 
montées et descentes, puis, des deux montants obtenus, on 
retranchera le plus faible du plus élevé ; restera / la différence 202 W 
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Une fois les deux pièces de bois bien droites , observons 
la languette de la balance , c'est-à-dire l'aiguille de fer montée 
au milieu de l'instrument. 


Si elle est sur la châsse, elle-même verticale parce que lestée, 
les emplacements des deux pièces de bois sont à égale distance 
du centre de la terre. Elles représentent , en effet, deux segments 
| des côtés d’un triangle ayant celui - ei pour sommet et le fil 
pour base , la languette jauant le double rôle de médiatrice et 
dehauteur . Dans le cas d’un triangle nonisocèle , cette hauteur 
ne sérait pas médiatrice et se rapprocherait de l’un des côtés ; 
maisici , le cas diffère et le triangle est isccèle. Retranchons de 
ses côtés égaux la longueur , égale , des pièces de hois : restent 
deux différences égales , soit la distance entre chaque empla- 
cement et le centre de la terre; ce que nous voulions démontrer. 


Si la languette incline d'un côté , c’est le plus haut. En 
effet , les deux emplacements ne pouvant être alors de niveau , 
le triangle n'est pasisocèle , et, la châsse représentant la 
médiane passant par le centre de la terre, la hauteur ne peut 
être médiatrice de la base et se rapproche du eêté le plus court. / 
Châsse et hauteur étant issues / du centre, l'angle de la médiane 
(la châsse) et de la demi-base attenante au côté le plus 
court , est aigu ; etl'autre, / ouvert sur lecôté lepluslong, 
est obtus. La médiatrice de / la base ( Ia languette ) se situe 
donc nécessairement entre la châsse et le côté le plus long : 
indiquant le lieu le plus haut. 


1 Abaissons alors le fil / petit à petit depuis le sommet de 
la pièce de bois la plus élevée. jusqu’à ce que la languette soit 
surla châsse : la hauteur dont on aura abaissé le fil est néces- 
sairement égale à celle de l'emplacement de cette pièce de bois 
par rapport à l'autre, Graduens les deux pièces de bois suivant 
une même unité de mesure , telle que le doigt ou un équivalent, 
et nous connaîtrons la hauteur en fonction de cette unité. 


Puis, une fois déterminé le surcroît de hauteur de son 
emplacement ; transportons la première pièce de bois en un 
troisième lieu , sans déplacer la seconde , et recommençons. 
Si le deuxième emplacement s'avèro à son tour plus élevé ; 
la somme des deux hauteurs nous donnera celle du premier 
lieu par rapport au troisième, S’il s'avère plus bas, on comparera 
les deux hauteurs mesurées: si la première l'emporte , le prem- 
ier lieu est plus haut que le troisième ; si c’est la deuxième c’est 


133" H 


201°W 
331N 


188* A 
98° K 


69M, 93°Z 


LE PESAGE DE LA TERRE CH£Z KAMAL AL-DIN AL-FARDI 


— Je dis : 

Cest un tube de rrseau , ou un corps evquel on a donné 
une forme semblable ; c'est-à-dire ce qui. d'un cylindre de 
révolution plus large , dépasse d'un autre plus étroit, les circon- 
férences de leurs buses ayant même éeatre , ét leurs générat- 
rices même longueur . / Au milieu du tube , il y a un petit trou 
pouvant laisser peser l'eau goutte à goutte Tel st l'instru- 
meut utilisé ; quant à l'opération vlle-même , nous allons la 
décrire. 


— Ia dit : 

Pour niveler ; passe un fil de quinze coudées dans l'un de 
ces instruments , aa choix , de façen que les deux moitiés du fil 
sortent [également] de chaque côté. 


- Je dis : 
L'auteur veut dire que livstremert doit être au milieu 
du fil. 


= Il a dit : 
Les deux extrémités | du fil reposent sur deux pièces de 
bois parfaitement dressées , lergues de cinq empans et tenues 
par deu» hommes. chacun d’un côté. 
= Je dis : 
Il veut dire qu'ils sont respectivement du côté des paints 
de départ et d'arrivée de l’eau. 


— Il a dit : 
Ils sont distants de la longueur du fil. 
— Je dis : 
A partir de là et avant de revenir au traité, expliquons 


en détail ce qu’il dit de l'usage / des trois irstruments. Il 
reste, en effet, / trop succinct. 


Pour utiliser / le premier instrument , appellé ‘le bien 
connu * dans ce qui suit, nous y passerons / le fil , de façon que 
l'instrument soit en son milieu . Nous commanderons ensuite 
aux deux hommes de tenir les extrémités du fil au sommet 
des deux pièces de bois verticales de cinq empans , et de suspe- 
ndre un poids à ce sommet , pour juger de leur inclinaison. Le 
poids. en effet, se porte naturellement vers le centre de la 
terre , selon une droite perpendiculaire au plan de l'horizon, 
tendant dans la même direction le fil quile retient. Si done le 
fil suit la pièce de bois, elle est verticale; sinon, elle penche. 
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- Ia dit ; 


On peut aussi façonner une plaque de cuivre triangulaire , 
avec deux oreilles aux extrémités de la base, / semblables à 2007 W 
celles de / l’alidade d’un astrolabe. Un fil fin est suspendu à 187 A 
un trou percé , au pied de la hauteur au milieu de la base, 
un plomb attaché à son extrémité. 


— Je dis : 


Par” au pied de la hauteur ” , l'auteur veut dire le mile u 
de la base , et par ” triangle ”, / un triangle parfaitement iso- 97 K 
cèle (sinon, les mesures seront mauvaises). Voici le dessin: 


1= Il a dit : 329 N 
Quant au tube, / il est bien counu, 133 H 


LE PESAGE DE LA TERRE CHEZ KAMAL AL-DIN AL-FARISI 


la longueur , Au milieu de la pièce de bois, tu monteras ensuite 
une aiguille de fer verticale, avec une chässe , comme pour 
les balances . Tu lesteras l'anneau de la châsse d'un peu de 
plomb . 


— Je dis : 


Cette pièce de bois est un cylindre de base rectangulaire 
d’un doigt sur deux , dont il convient de couper la surface (la 
base } en deux : longitudinalement par une ligne joignant les 
milieux des petits câtés; transversalement pur une autre, joig- 
nant ceux des grands côtés . Circulaire ; le trou est centré à 
l'intersection de ces deux lignes. Il sera micux que son centre 
soit déporté vers l'un des petits côtés ; à condition toutefois 
de la laisser sur la ligne longitudinale , et de monter l'aiguille 
verticale , située au milieu de la pièce de bois , à l'opposé du 
côté où le trou est déporté; comme sur ce dessin: 


ti 


85 


84 M4 MAWALDI & P, LANDRY 
= Il a dit € Al Baghdädi > : CHAPITRE 

Le pesage de la terre 
Je dis < AL-Färisi > : 


Le terme ® pesage ” ne désigne pas ii l'opération dont 
nous avons parlé au sujet des métaux , mais , comme l’auteur 
nous le signale plus loin , [la mesure ] de la différence d'altitude 
entre deux points de la surface du sol. On n'en a besoin que 
pour / creuser , d’un lieu à un autre , un canal ou un ganôt . 


En effet , l’eau est un corps liquide et pesant qui , laissé 
à lui + même en un point ; ne peut que descendre vers le centre 
de la terre , sa nature lui interdisant de monter. Obéissant à 
celle-ci , / l'eau s’écoulera donc aisément sur toute surface aux 
parties successives de plus en plus proches du centre. Si la 
distance à celui-ci reste conetante , l'amenée d’eau est difficile , 
car, rien ne l’incitant à se porter en avant , il faut alors que 
quelque chose la pousse . Si la distance au centre croit, nous 
voilà dans le cas inverse du premier , / et l'amenée d'eau est 
impossible . 


D'où cette nécessité de connaître la différence de hauteur 
entre points d'arrivée et de départ de l'eau. Si celui - là est plus 
bas , l’amenée d’eau sera aisée ; même s’il faut fendre le rocher, 
percer les collines , égaliser / les ravins / (la nature du terrain ne 
constitue pas alers / un obstacle ). S'il en est autrement, elle 
sera | difficile, ou impossible. 


- Il a dit : 

Pour creuser un canal ou nn qanät, et mesurer la différence 
de hauteur entre deux lieux , tu as le choix entre plusieurs 
procédés. 


— Je dis : 

Chaque procédé consiste à utiliser l’un des instruments 
appropriés . À vrai dire , comme il y a plusieurs instruments , 
il y a aussi plusieurs procédés, L'auteur fait état de trois instru 
ments, comme nous allons le voir en détail. 


— Il a dit : 

Pour l’un d’eux , tu tailleras une pièce de bois d’une coudée 
de long . sur environ deux doigts de largeur et un d'épaisseur , / 
parfaitement dressée . Tu y perceras un trou / dans le sens de 
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Le livre d'Al Fârist est particulièrement importart pour l'histoire des 
mathématiques, il nous donne une idée très précise de l'état des mathéma- 
tiques au 136 siècle . 

L'ouvrage comporte une introduction et cinq traités sur : l'arithré 
tique; Les transactions et les règles des ventes; la géométrie; et les deux 
derniers sont sur l'algèbre. 


En outre on trouve, dans le traité de géometrie, deux chapitres particu- 
liers l’un sur les poide spécifiques des substances minérales et l'autre sur le 
mivellement de la terre. 


Al- Färisi écrit son ouvrage, plutôt son encyclopédie, avec grand exac- 
titude et beaucoup de clarté, il démontre, détaille, éclaireit, analyse, déve. 
loppe et explique les problèmes et les formules mathématiques; il donne 
des exemples numériques, et ajoute des études importantes, puis il contre- 
dit quelquefois Al-Baghdädi et corrige ses fautes. 

Al-Färisi cite fidèlement l'original et fait suivre immédiatement chaque 
citation d'un commentaire mathématique ou linguistique. 


3 - Les manuscrits utilisés : 
Nous avons édité le texte en utilisant les manuscrits suivants: 

À. Le commentaire : Asäs ALQawëtid fi Usal Al Fowvaid 

1 — "Abmad III, No 3132, Istanbul-Turquie, désigné par: A 

2 — *Abmad IT, N° 3140, Istanbul- Turquie, désigné par: H 

3 — ‘Ahmad III, N°3155, stanbul-Turquie, désigné par: M 

4 — Mali, N° 1307, Téhéran. Lran, désigné par: N 

5 — Al-Wazir Sahid “Ali Baëä, N° 1972, Istanbul-Turquie, désigné par: W 
6 — Zähiriya, N° 7542, Damas, Syrie, désigné par! Z 

7— Khuda Bakhch de Patna, N° 2012, Inde, désigné par: KH 
8— Astän Quds Radwy, N° 5641, Mashad, Iran, désigné par : D 

9 — Astän Quds Radwy, N° 5578, Mashad, Iran, désigné par : Q 
10 — Kôpril, No 941,1 Istanbul, Turquie, désigné par : K 

B. Le texte commenté 

= Britich Library, OR 5615, désigné par : F 

4 - Traduction du chapitre de ”’ Le pesage de la terre ". 


On trouve le texte arabe dans la partie arabe de ce volume du : Journa' 
for the History of Arabie Science . 
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1- Fésumé de la biographie de Kemël Al-Dir ol-Färist 


AL = Wärisit est ré en Lan, mais on ne sait pas dans quelle ville. Il a 
Leauceup voyagé en cherchant le savoir auprès des grands savants, dit-il 
Sars les intreduetions de ses euvrages. A! la fin de ses voyages, il a rencon- 
tré Tin ALKhawäm Al-Baghdädi (ré en 643H/1245 ap. J. C.) à Ispahan. 
chez qui il a fait son éducation mathématique . 


En 700 H, il a voyagé à Tabris où il s'est affilié au cercle d’Al-Sbiräzi 
(624 710 H / 1936 — 1511 ap. J. C.) (élève d'al-Tüsi 597 - 672 H/1201 — 
T4 ap. J. C.). AL-Färisi est devenu le brillent élève d'Al-Sh3razt et ce dernier, 
daus son ouvrage Fa‘alt lola Talm : (5-2 ki l'a surnommé * le fils 
le plus cher, le meilleur imom , le plus savant , un modèle pour les gens 
intelligents, le roi des savants, et un religieux exemplaire Hasan Ibn SAIS 
AI-Farisi … 

D'autre part, on peut dire qu’ Al-Färisi a occupé une place importante dans 
sa société ; en citant la parole de son professeur AI -Shiräzi qui est le plus 
grand savant de son temps . 

Al-Hasan ibn Ali ibn Al-Hasan Al-Färisi, Kamäl Al-Din est mort le 
vendredi 19-Dju-l-kade TI8H ! 12 Janvier 1319 ap. J. C. à Tabris, et il 
véent /53/ ans, par conséquent il naquit en 665 H/1266 - 1267 ap. J. C. 


Kamäl Al-Din compose plusieurs ouvrages en mathématiques et en 
optique. 


Les livres les plus importants sont: 
= Asäs al.Qawa‘id f1 Usül al-Faw 
Les fondements des règles concernant les prineies des acquis. 
- Tadkirat al Abbäb fi BaySn al-Tabäb. 
Mémoire des amis pour montrer l'amisbilité. 
= Tanqib al-Manäzir li-dhaw1 AlAbsär wa Al-Basa'ir. 
Revision du livre des Aspects. 


b Al-Baçair fi Lim Al-Manâzir. 
Livre des Aspects en optique. 


2 — Présentation du manuscrit : sas Al-Qawa‘id fi Usül Al-Fawa*id 


L'ouvrage : Asäs ALQawa‘id fi Usül AL Faw'id est un commentaire du livre 
de : AL Fawd'id Al-Baha'iyya fi Al-Qawa‘id Al-Hisabiyà 


(1) MAWALDI Moustafa, L'Algèbre de Komäl Al-Din Al-Férisi , Édition critique, Analyee mathé- 
matique et Étude historique en 3 Tomes , Thèse ( Université de la Sorbonne Nouvelle ), 1989, 
p. 20. 


Le Pesage de la Terre chez Kamal Al-Din Al-Farist 
M Mawaini® & P. Lanpry®* 


Les savants arabes s'intéressent au sujet de * Le pesage de la terre * 
comme Al - Karaji ( Mort au début du 5ème H — 11iw ap. J. C. ) dans ses 
ouvrages = L'Exploitation des Eaux Souterraines et Le Livre Suffisant sur 
la Science de l'Arithmétique; A1 - Khäzini ( fl. en 12èv ap. J. C. ) dans son 
livre : La palance de la Sagesse; Tbn AI-Khawäm Al-Baghdädi (né en 643H/ 
1245 ap. J. C.) dans son ouvrage : Les Acquis Eclatants concernant les Règles 
de l’Arithmétique; et Kamäl Al-Din Al-Färisi (1266 / 1267 — 1319 ap. J. C.) 
dans son manuscrit : Les Fondements des Règles cancernant les Principes 
des Acquis : On ajoute le chapitre ” Le pesage de la terre” habituellement 
aux livres hydrauliques, mathématiques générales, et les mathématiques à 
l'usage des agents du fisc , comme! : Kitab al - Häwi il-a‘mäl as-sultäniya 
wa rusäm al-hisäb ad-diwäniya, Paris, Bibl. Nat. ms. arabe n° 2462 . 

Le chapitre de ‘” Le pesage de la terre” comporte en général la descrip- 
tion des instruments par lesquels on mesure la différence d'altitude entre 
deux points de la surface du sol, et le fonctionnement des instruments pour 
creuser, d’un lieu à un autre, un canal où un qanäl. On n’aborde pas le sujet 
au point de vue historique , mais on veut publier principalement le texte 
édité du chapitre ” Le pesage de la terre” du manuscrit: Asäs al Qawafid ft 
Upül al - Fawä'id - Les Fondements des Règles concernant les Principes des 
Acquis , de Kamäl Al-Din Al-Färisi, avec la traduction de ce chapitre en 
français. 


Le traité comporte les points suivante: 
1 — Résumé de la biographie de Kamäl Al-Din AÏ-Färisi. 
2 — Présentation du manuscrit: Asäs Al-Qanwafid fi Usal Al Fawâ'id 
3 — Mentionner les manuscrits utilisés en faisant l'édition. 
4 — Traduction du chapitre de ” Le pesage de la terre ”. 
Nous allons développer les points précédents. 


* Institute for the History of Arabic Science, University of Aleppo, SYRIA. 
** 187 Boulevard de la Republique, 92210 SAINT CLOUD, FRANCE 
(1) CAEN claude, " Le Service de l'Irrigation en Iraq au Début du XI° Siècle", Bulletin d'Études 
Oriantles, Tome XII, Années 1949 1950, Institut Français de Daraas, Dargue, 1951, pp. 
7-14 
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13. — ibn Zuhr liked surgery from al-Tayair page 320. 


Ibn Zur has expounded his views on the relative value of theory and 
experience; he definitely favors observation and the experimental approach 
over theoretical considerations which be calls ”’safntah ” Talk is composed 
of trath and falschood and some arguments are proof, other persuasions, 
others sophistry and still others imaginary. Proofis a just balance in argu- 
ments … When one is versed in logic especially if one is a physician, only 
then can one distinguieh between truth and falsehood; … experimentation 
alone can establish trathe and demolish falsehoods” (pp. 326 — 7). 
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14. — Experimentation vs sophistry from al.Taysïr page 326. 
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4. — Urethrolithotripsy for urethral stones — He is a pioncer in the description 
of the use of a diamond tip for breaking stones in the urethra ” À very fine 
sound with a small diamond on ite tip is intreduced until it reaches the stone 
which is fragmented by the contaet” (p. 207); this is a precursorof modern 
day lithotripsy . 
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12. Diamond tip for lithotripsy from al-Toysir page 297. 


5. — Hysterectomy for uterine lesions — This is the surgical removal of the 
uterus, which is among his innovations in the surgical field (pp. 149 — 50 
&299). 


6. — Drainage of abscesses — À special section is devoted 10 the discussion 
of abscesses, ulcers (including the rodent ulcer), skin inflammations in 
their various types such as erysipelas, anthrax ete and pruritus and their 
different treatments including poultices that help ripen an ahscess ( pp. 
3827-37). 

The naine given by ibn Zubr to surgery is : ”’a'mäl al-yad” [hand work] 
and bé calls the surgeon: ”Säni® al-yad” (manual artist) an obvious transla- 
tion from the Greek, originally made by Isbäq ibn Hunayn and also used by 
al-Zabräwi. Jt seems that the word * jiräbah ” was first used by al'Ay- 
näurbi [e]. 

Unlike his father who believed that surgical operations should be left 
to the assistants , ibn Zubr liked surgery and liked to perform surgical 
operations ” As for me, 1 had a psychological affection ; 1 liked bunting 
and the experimentation with medications.. all this manually; I was so 
infatuated with this that T considered it an affliction wbich led me into 
this path by a strong desire, although it was somewhat demeaning, however 
1 thoroughly enjoyed these exercires, just as scmeone else might enjoy 
gardening or falconry. I mentioned some surgical procedures because the 
physician might be obliged to perform wbatever he can of simple surgical 
procedures ” ( p.320 ). He actually started to perform experimental 
surgical ‘operations on animals when he was still a young lad: he had then 
the occasion to study the healing power of the trachea by performing a 
tracheostomy on a goat and subsequently observing how the tracheal wound 
healed (pp. 149 — 50) . 
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8. — Manual reduction of dislocations (pp. 318 — 9). 


€, - In the third category. he describes surgical operations for the treatment 
of a variety of diserses; this category includes : 


1: — Ophihalmic operations for the tremtment of meïbemian cysts, trichiasis, 
cataract and foreign bodies in the eye — In this relatively long section ( 30 
pages: from p.47 to p. 76), ibn Zubr also discusses anatemy of the eye, lice 
of the eyelashes, strabismus, inflammations (dacryocystitis) ulcers, pupil- 
lery lesicns, and optic atrophy. 


2. — Tracheostemy for the relief of laryngeal obstruction . as from laryngismus 
stridulus — He had experimented with tracheostemy on goats * When 1 was 
a student. 1 would incise the trachea of a goat after having incised the 
skin and the subeutaneous fascia, then 1 would remove a piece of trachea 
smaller than a lupine seed then L would irrigate the wourd with water and 
honey.… * (pp. 149 — 50). 
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10. — Tracheostomy from al-Taysir pages 149 - 50. 


3. — Operations for abdominal and intestinal trauma — He is one of the first 
to suggest the use of silk in suturing the traumatized abdominal wall and 
traumatie lesions of the bowel as well as bowel resection when a segment of 


bowel is not viable ( p. 198). 
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112 = The use of silk suture for wounds of the abdomen and bowel resection from al-Taysir 
page 198. 
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7. Vaginal douching from al-Tayaïr page 306, 


5. — Cotton in the reduction of uterine prolapse — The cotton is immersed 
in a warm solution of oil of roses and oil of lilies (p. 309) . 
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8, Cotton in the reduction of uterine prolapse from al-Taysir page 310, 


6. — Manual reduction of fractures - He gives a perfect description for the 
reduction of fractures on a flat surface with the use of both hands , first 
separating the broken fragments, then reducing the fracture very carefully 
letting the muscles bring the fragments together and then immobilizing the 
fracture in a special eplint made of bamboo sticks after covering the skin 
with a layer of oil: the bamboo sticks are fashioned into a splint and secured 
with a bandage which ought to be moderately tight, not too tight nor too 
loose; the splint should be frequently replaced and the areu inspected; he 
also mentions the necessity of having an experienced assistant or several 
assistants for difficult fractures; he dæs not omit dietary suggestions (pp. 
314-8). 

7. — Cotton in the stabilisation of fractures of the nose — He uses a cotton 
mold inside the nasal cavity and an external splint . He changes the mold 
frequently and irrigates the nose with water and honey to remove the 
secretions (pp. 317 — 8). 
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9. - Cotton mold in nasal fractures from al-Taysir page 317. 
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5: - Fecding tube from al-Taysir pages 154 - 5, 


2. — Nutrient eneme using the blodder of à goat us an enema container. À 
silver tube is attached to its mouth and the tip of the silver tube is intro 
duced into the rectum; the contents of the container whether milk or soup 
are thus introduced into the rectum ; some of this liquid is absorbed in the 
gut which thus obtains some nutrition (p. 155) . 
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6.- Nütrient enema from al-T'aysir page 155. 


3.— Manual reduction of hernias and the use of hernial trusses - In his discus- 
sion of hernia, be mentions that it could be caused by trauma (direct trauma 
er following a jump on a full stomach) er by chronic cougb. He recommends 
the avoidanee of conghing, sneering and raising the voice; the hernia should 
be reduced and a truss should cover the hernial orifice (p. 196). 


4. — Syringes for irrigation in various gynecological diseases — He mentions 
irrigation of the vagina at least four times (pp. 3017); he uses a solution of 
ambergris (p. 301), or liniment of bitter almonds in oxymel syrup for sterility 
(p.303); for uterine tumefactions, he recemmends irrigation with oil of roses 
(p.306) and if the tumefaction becomes purulent, he then recommends irri- 
gation with a watery solution of honey ; honey alone or a concoction of 
powdered barley, vetch, cypress cones, frankincense and honey (pp. 306-7); 
for painful cancerous growths oil of roses and / or cream of egg albumen 
are recommended (p. 307). 
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4. Alnugblab from at-'ayete page 382. 


10. - Hemorrhoids — Tbn Zubr treats hemorrhoïds with a concoetion of 
basil, pomegranate, iron dust, vineper, evgur er d honey, and sometimes 
alyeyrrhiza (licorice) is eddcd (pp 460 - 1). 


11. — Dental pathology The section on Dentisiry includes Jaose teeth and 
caries, Ibn Zuhr recommends the use of root of asparagus (blackberry or 
birdwind) water or dilué tar 2$ a mouth wash aud powdered carnelian 
for the arrest of caries especially in their early stcg ee (jp 44 5). 


B.- Inthe second category. surgicel diseases cretreatedby special iretre 
ments, supplies (syringes, coiten etc) or by menipuleticn; these include: 


1. = Tubes for feeding the patient whose deglutition (swallowing mechanism) 
is paralyzed — bn Zubx writes that sometimes the mechanism of degluti- 
tion becomes paralyzed either gredually or acutely; this is often a neural 
affection which first manifeste itself Ey adifficulty in swallcwing which grad- 
ually worsens until the patient is no longer «ble te swallow; at first, there 
might be mild pain, soon, however, the pain abates, but the patient remains 
without food and without medication, his force diminishes, eachexia sets 
in and a new strategy becomes necessary; this consists in the introduction 
of a tube either made of silver or a malleable metal; its proximal end should 
be wide like a funnel. Ibn Zuhr then describes how the tube is introduced 
until it reaches the stomach and then milk and soup een be poured in (pp 
154 — 5). 
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in 1743 as ‘ induration plastique des corps caverneux " : however, 
we have now evidence that ibn Zuhr described it around 1143 i.e. 600 years 
before *” de La Peyronie” ! It should be, henceforth, called ” ibn Zubr's 
disease” er ” Avenzour’s disease”. 
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3. de La Peyronie's disease from al. T'aysir page 299. 


7. Gynecological diseases — In this section, ibn Zur diseusses the physio- 
logy of the uterus and its function during labor: then he discusses, at great 
length, the subject of female sterility and its treatment with medicines, 
diet and vaginal douching; he then treats the subject of uterine tumors, 
uterine gangrene, prolapse and amenorrhea. For excessive uterine blecding, 
aleo called menometrorrhagie, he rdvises to add to the regular diet Pales- 
tinian melon ( p. 311). He then diseusses the pathology of the vulva and of 
the vagina including congenital anomalies and inflammations (pp. 299 — 
314). 


8. Varicose veins — For varicose veins, syrup of camomille (Aowers or 
blossoms), melon seeds and honey are reccmmended (p. 370). 


9. — al-Nughlah — Another surgical disease described for the firt time by 
ibn Zubr is “al-Nughlah” which bas been previoutly thought to be medias 
stinitis. Here is what ibn Zuhr wrote about it : *”* … stress is a big factor in 
the etiology of al-Nughlah as happeued te my father when he suffered at 
the hands of “Ali ibn Yusuf, he developed al-Nughlab on the left side where 
it spread vertically about a hand spans the area became insensitive, his 
treating physician was able to earve it out without my father feeling that; 
it continued to spread until it reached the heart; his respiration became 
labored and be died within two days” (p. 382). This seems to be an acute 
gangrene or fasciitis of the chest wall rather than mediastinitis ! 
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on animals trying new surgical operatiors. By bis own admission, he was 
Keenly interested in surgery. One cannot fail but get the impression that 
he also was a master of surgical management. His eurgical horizon extended 
far and wide, from the nose to the lower extremitics passing by the pharynx, 
vagina, urethra, anus... The surgical diseascs diecussc@ by ïbr, Zuhr con be 
divided into 1hree categories depending cn how le aëvocated their treai- 
ment. Diseases in the first category were treoted medically by drugs and 
diet; diseases in the second category were treated by instrumental manipu- 
lation and discases in the third category were treated by sperative surgery. 


A. — The first category of surgical diseases which were treated by drugs 
and diet, includes: 


1. — Swelling of the tongue - Macroglessia, tumors, and reurologicel affec- 
tions (both sensory and motor) are included (p. 43). 


2. — Suelling of the uuula (pp. 44 & 144). 


3. — Intestinal obstruction - In this section, ibn Zubr describes infection 
and gangrene of the bowel and their medical treatment (p. 102). 


4. — Colocutaneous fistula -He observed a case which he describes as follows: 
* trauma to the abdomen can heal or can be fatal. I have observed a man 
who défecated from a wound he had previously sustained; he survived for 
a long time, and was gainfully employed” (p. 199) 
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5, - Sterility - He distinguishes between congenital and acqnired sterility: 
he mentions the fact that, at first, he was himself sterile but later. after 
he suffered from a severe fever. he begot several childrer (pp.282-4). 


6.— A sclerosing lesion of the penis - He describes, for the first time, a scle- 
rosing lesion of the penis: ** Curvature of the penis may result from an 
excess of dryness or a tumefaction; the eure of the curvature resulting frem 
excessive dryness is almost impossible . neverthelese , L prescrike the use 
of almond liniment in warm water many times a day 60 that the penis is 
always humid from the oïntment and the water” (p. 209) ; today we still 
use massaging the lesion several times a day, but the disease is called ‘’de 
La Peyronic's disease” because it has been assumed that it was originally 
described , for the first time , by François de La Peyronie ( 1678 — 1747 ) 
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But none to abu Al-qäsim Al-zahräwi [Abuleasis](936-1013), the great 
est Arab surgeon [3-11], who lived near Cordoba some 150 years before 
ibn Zuhr . It is very surprising that ibn Zubr dæs not quote abu Al-qäsim, 
des not mention him nor dæshe discuss any of his important contributions 
to surgery. We have not found an explanation to this fact. 


Although ibn Zubr was primarily a physician, a famous clinician, and a 
great master of medical treatment , he was never known as a surgeon. But 
from a perusal of his book al-Taysir , one finds that he discusses several 
interesting surgical diseases and other medical entities which are considered 
today to be surgical diseases, some of which he describes for the first time; 
he develops new instrumental therapeutic maneuvers and he experiments 
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Ibn Zukr comes from a famous Andalusian family of seven physicians 
who belonged to six generations. The arigin af tbe bari Zubr family eau be 
traced back to the Tihämab region en the Red Sea Coast of the Arabian 
Peninsula, The banu Zubr physicians served in Ishbilyah [Sevilla] from 
about 1005 AD ta 1205 AD , a period of 200 years . Abu Marwän ibn Zuhr 
belongs to the middle generation and is the most famous of the seven [1]. 


Abu Marwän ibn Zubr (1091 — 1162 AD ) wrote at least six booke of 
which his al-Taysir remains the most famous and one of three that 
were translated into Latin 4 it was translated twice, the first time around 
1160 AD by John of Capua and the second time about 1280 AD by Pata- 
vinus (Paravicious or Paravicinus) a physician of Venice. Between 1490 
and 1628, a period of 138 years, it was printed in Latin 11 times and was 
used as a texthook of medicine in European Universities for a very lang 
time all the way through the 18tb century. 


Ibn Zubr's al- Taysir became recently available to the public when 
thelate Dr. Michel al-Khouri edited the original Arabie text and when the 
“al-Munazamah al-<Arabiyah lil Tarbiyah 101 Thagéfah wa’ “Ulim” [Arab 
League Educational, Cultural, and Scientific Orgenizatien] posthumouslÿ 
published it in 1983 in Damasens [2]. The book is a practical compendium 
on Medicine as ibn Zubr exercised it. The baok has two parts (232 & 
195 pages ) and a jämi° [ compendium er antidotarium] [ref a, b, d, e ]. 
The editor has appended indices (69 pages) of medical terms, simple drugs, 
compound drugs. names, and subjects. 


The book is almost uniquein that it contains fewer references than most 
other similar Arabie medical texts : 


27 references to Galen 
11 to the authors father, abu al-“A14 (d 1131 AD) 


10 to Hippocrates 
4 to the authors grandfather, abu Marwän (991 — 1077 AD) 


1 to Aristotle 
* Carl T Hayden Veterans Affairs Medical Center, Phoenix, Arizona, U. S. A, 
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equatorial stereographie projection. In this respect we should remember 
that the procedure for the transformation of coordinatcs with this instru- 
ment (by a rotation equal to the colatitude of the place , is usuelly employed 
when using Ibn Khalafe and al -Zerqälluh’s instruments, but not with ast- 
rolabes. But, in the prologue to his treatise on al -safiha al-jämi*a, Tbn Bâso 
feels obliged to state the independence of his plate from al -Zarqällub’s 
safha ; possibly because he was aware of the influence exerted by this 
instrument on his own work. Its quite evident that Ibn Bäso made a re- 
élaboration of the principles that structured the safifa, giving it a uew point 
of view and, therefore, new possibilities of use. In the following centuries, 
some astronomers adopted that idea and reelaborated it in different ways « 
The results were some curious instruments in which polar and equatorial 
steréographic projections were combined in order to obtain the advantages 
of both systems . We find this kind of instrument not only in the Ielamic 
world, but also among those made in Europe between the XIV th and the 
XVII centuries . 


8. Arabie Text 


The Arabic text included in this paper consists of an edition of the first 
chapter of al-Fishtälÿs abridgement . Some copyists’ errors have been 
corrected , and the readings of the text are given in the footnotes . 
Some words have been added between brackets to make the text clearer. 
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Fig. 9 


7. Conclusions 

After having followed the construction process deseribed above we 
can see that the diagram formed by the super position of Horizere art #res 
in the sector comprised between the equator and the pole, obtained from a 
standard polar sterecpraphic projection, is identier] 10 the one we fnd on 
the plate of “AI ibn Khalof’s universal astrclrbe cr cr cl-Zarcälluh's saphea 
(Fig. 95. Those two later diagrams re chtained, however, from an 


(15) Milläk Vallicrosa saw there similérities when he described the general pl 
Tetuan bot his interpretetion of this plate was closer 10 the asafar than it-really 
Millés, ‘Tres instrume£:tos astronômicos érabes de loë muscos de Tetudn y Madrid * 
Andah 


There is an interpretation in theme 
pa 


(1947) pégs. 49 59. Fepeciallÿ pp. $2— 
&: Garcia Franco, Cuëlogo eritico de astrolabiu 
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Fig. 


Finally, our text gives not very clear instructions as to how to graduate 
the plate . The information we can gather from Ibn Bäso’s text and the 
extant instruments show that the graduation of declination parallels ap- 
pears on the northern half of the north-south diameter, between the equa- 
tor (00) and the centre of the plate (900) for the northern parallels and bet- 
ween the equator and the tropic of Capricorn for the southern ones, As for 
the horizons , they are also graduated on the same diameter but in its sou- 
thern half and with their latitudes increasing frem the centre(00) towards 
the equator (90°). The graduation of the arcs appears on the space between 
them on the northern half of the equator and that of the semicircles of 
southern declination appears once again on the east-west line. 
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Fig. 7 


The ares ( qisi, cfr. Fig. 8), which are also called * horizon divisions" 
(ajza" al-ufug), are employed to change the coordinate system (horizontal 
into equatorial and conversely) by a rotation equivalent to the colatitude 
of the place, 


Al- Fishtäli considers the horizons as the projections of vertical circles 
corresponding to the two poles of the horizon of two places located on the 
equator and the longitudes of which . counted from the western meridian, 
are 0° and 180° respectively , whereas the arcs are circles of altitude (al- 
muganjarät) corresponding to these two places. 
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Fig. 6 


determined by three points (Fig. 7): two of them are two six degree divisions 
of the equator equidistant from the east or west points of the equator. The 
third point is determined by the intersection of the ezst-west diemetcr 
with the parallel the declination of which equale the angular distance bet- 
ween the east or west point and the to six degree divisiors used to draw 
this arc. In:the figure, the arc of the equator MW equals the arc NW. Their 
value is:also 1he declination value ofithe parallel RSTU. The three points 
which determine the are are M,N, end T 
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different for each horizon + it is the intersection of the diameter (qu{r}"à 
with the parallel the declination of which equals the colatitude correspon- 
ding to the horizon we want to draw. In the figure, the horizon is determi- 
ned by points E and W and also by point P corresponding to the intersec- 
tion of the parallel ROPQ withdiameter EW.  : 


Finally, the procedure for drawingthe ares ( gisi ) is described . This 
description is also very short. The author specifies that their centres have, 
to be placed along thé diameter! and that every one of them has to be 


(3) 1e should be the north-south diameter but it is not s0 indicated in the text. 
(14) Lt should be the east-ivest diaméter but, «sin the preceding case, it is not mentioned in {be text . 
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parallel to the horizon". The north pole is also the zenith and the south 
pole the nadir . 


Minimum instructions to draw the horizons follow in our text . To 
obtain them, we draw as many arcs of circles as we went horizons (Fig5). 
Its number is the same as the number of parallels to the equator drawn 
before. There is no specification as to the way to find the centres of these 
cireles. The only indication given is that the centres of all these horizons 
have to be placed on the north-south diameter (in the southern half for 
the northern horizons and in the northern half for the southern ones). Each 
of them has to be determined by three points (Fig. 6), two being the same 
for all horizons: points east and west on the equator. The third point is 


(2) The term rofauiyy is usually employed by other astronomens 10 express the motion of the 
sphere at the poles. Cf. for instance in Abü-T-Rayhän al-Birüni, Kitb altafhim l-aud'i jinä*at 
al-tanjim (The Book of Instruction in the Elemenus of ihe An of Astrelogy ; (London, 1934) p. 140. 
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Fig. 3 


Once these three circles are traced . and following the aforementioned 
procedure , we draw three concentric semicircles on the southern half of 
the plate, between the equator and the tropie of Capricom using the six 
degree divisions on the declinatier arc AE ( Fig. 3). Allthese semicireles 
are the projections of the correspendirg decliretion perallels (anyéf 
dawë'ir al-mayl). 


Next we divide the circle of the equator into ares of six degrees each and 
draw the northern declivation parallels (al-madérat) following the same 
standard procedure and using the six degree divisions on the southeast 
quadrant Fig. 4). The number of madärät will be, therefore, fifteen, inclu- 
ding the equator and the tropie of Cancer . Al-Fishtäli says that they go 
from 0° to 909 and identifies them with al-mugantarät for a 90° latitude in 
which the sphere turns ” like a millstone * (rafowiyy*) , that is to say, 
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Fig. 2 


Afterwards, we draw diameter EF which js used 28 an awxiliary line (al- 
guir al-khafiyy, hidden diameter) . The intersection of diameter EF with 
the equator determines point E’. The are E'P equals also the obliquity 
of the ecliptic. Then we join point E' to B. tbe interesction of diameter 
CC' with the eqnator . P' will be the intersection of E'B with diameter AA’. 
Finally, we draw a third circle, with a radins egual 10 OP’. concentrie with 
he other two and which corresponés to the tropie ef Cancer. The construc- 
tion proccdure up to this point is the arme as the one nenally employed 
in standard astrolabe plites!'. 


(1) CE, H. Michel, Traité de l'actrolube, ( Paris 1947 ) p. 47 ss.; S. Garcia Franco . Catélogo eritico 
dé asrolabios existentes en Espana, (Madrid, 1945) pp. 70-71 and R. Marii and M. Viladrich, 
* En torno a los tratados hispänicos sobre la consiruceiôn de astrolabios Hasta el siglo XI 
Textes v estudios sobre astronomis. esp.nola en el siylo XII, (Barcelone. 1981) p. 81. 
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al-Fishtäli ssertbes tbe ir verticr of this plate to bn Bäso who is identified 
88 al-Znbayr's master ‘0. 
5. Contents 

As for the contents of the Nubce, the first chapter describes the cor- 
struetien of the plate, :s 1 bave mer tiencd shuve. The second chapter gives 
the names of the lines drawr en the plate. The third chepter is divided into 
three sections : how to determine tbe £re of the day £rd night, how to cal- 
eulate the are roteted by the sphere end how to place the degree of the 
sun, according to its eltitude, en the plate. The fourth chapter is divided 
into four sections: kow to determir € the azimuth of the sun or a star, its 
rieing ed setting awplituder, helf of tbe fadla (difference between half of 
the day are and 90 degrees), and how to caleulate the meridian altitude of 
the sun or a star. Finally , in the fifth chepter, there sre four sections devo- 
ted respectively 10 transformations cf ecordinates, the calculation of the 
solar altitude at the time of the gukr ar d ‘asr prayers, the altitude of a star 
at the end of 1wilight end at the beginning of dawn. and how to determine 
the four ezrdinal directiors send the ezimuth of the gibla. 


6. The Construction of the Plate 


As I have mentioned sbove, this matter is dealt with in the first chapter 
of the paper. There is no drawing in the text to illustrate the different 
steps follcwed in the construction of this plate. 


For its fabrication the zuthor recommends brsss or another similar 
mctel, frem which a smooth piece should be obtained. First, al -Fishtäli 
draws a cirele ( AC A'C’. Fig. 2) with an arbitrery radins , and on it two 
perpendieular diameter, AA’ and CC’. The intersection cf these two diame- 
ters with the aforementioncd cirele determines the four cardinal directicns: 
point À corresperding to the south , point A’ to the north, point C to the 
cast and point C’ to the west of the plate. This first circle drawn corresponds 
10 the trépic of Capricorn. 


After that be divides the suutheast quedrant into fifteen ares of six 
degrees each . The distance AE. en quidrant AC cquals the obliquity of the 
cdliptie (ke : dopts the value of 23:200 fer it) and £re AE is called gares al- 
mayl (&eclirstior re). Tor, s creight lice between points E ar C'is 
draw. The interseetien of EC’ with diameter AA’ determines point P. 
Next, arofher circle, with a redive ce al to the disturce OP is drawn. This 
scecrd eircle ie cercertrie with the firat ce ard it represents the equator, 


(10) Aceording to Rénaud, he could be a disciple of Ibn Bäso's whose name is Abù Muhammad al: 
Zubayr b, JaSfar b. al-Zubayr, On this author ef. C. Brockelmann. Geschichte... JI, p . 1025, 
2. 88; H. F. J. Rénaud, ** Notes critiques d'histoire... p. 2, n. 

- pe201. ». 513. Al-Zubayr is tbe author uf another work entitled 
tif" ul-amal bi-teasqurläb. 
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gle chapter which deals with its construction. Therefore, the only source 
known to us on the construction of this plate is theaforementioned abridge- 
ment of Ibn Bäso’s treatise by al-Fishtäli. 


4. The Manuscript 
Al-Fishtal”s abridgement is extant in manuscript 1009 of the Royal 
Library in Rabat (fols. 16v. - 19v.). The pages have 24 lines each. The 
writing is in the Maghribi script, The text is divided into five chapters and 
each one of them into one or more sections, in which al-Fishtäli basically 
explains mt matters . These chapters are preceded by a prefacein which 


(9) On this matter ef, King mis in the Encyclopédie de L'Eslam 2, t. 7, pp. 27 - 32. 
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2. The Author 


The author of this summary is Abü-1-Rabi° Sulaymän b. Ahmad al- 
Fishtäli, an 18th century Moroccan fagih (he died in Fäs in 1208 H./1794 
A. D}. He knew the science of timekeeping and spherical astronomy 
 Silm al-miqat aoa-ltadil ) * with instruments and without them * and was 
Sulaymän al-Hawwät's mastert, Other data on his life are unknown . 


We know several of al-Fishtäli's works like Bugkyat daui-l. raghabät 
(What do those wish who have wishes } on the difficulties of Sibt al-Mär- 
dinÿs al - Risla al -Fathiyya (Opening treatise), or Shark al-silk al-älr fi 
mutallat al-Ghazäli(Explanation of the thread of the Ghazäli triangle). He 
also wrote an abridgement of Ibn Bäsu's treatie on the” universal plate 
for all latitudes ” (al-safiha al-jémi<a) . 

3. Ibn Bago’s Plate 

Ibn Baÿos ” universal plate for all latitudes ” (Fig. 1) usually appears, 
among others, in western astrolabes, frem the 14tb century onwards, and 
its presence is relatively frequent. There are about twenty-five examples 
which are being cataloguedé. Some were described in the past century but 
most of them have been unknoyn until recently. Although most of the 
examples are found'in western astrolabes , as I say , some are included in 
eastern ones’. 

The treatise on the use of this plate is also known though it bad not 
been studied in detail until the present*, It contains a description of the 
lines engraved on the plate and the way to use them. But there is not a sin- 


(3) Cf. C. Brockelmann, Geschichte der Arabischen Litteratur Supplementhand 11 (Leiden, 1938), 
naud, ** Additions et corrections à Sutes””, Jais XVLII (1932) p. 183, n. 543; 
ik, At-a*läm (Al-Qshira, 1954 1959) Zud ed., vol. 3, AIKaHänt, 
Saleat al-anfäs lith. ed. (Fäs, 1316 H.), vol. 4, p. 115: M. Makblüf, Shajarat zakiyye, 
(Caro, 1931), p. 372 and R, Kohfalo, MuSjam al-Mu‘allifin (Dawascus, 1957), vol. IV, p. 254. 

(4) On this author ef. E. Lévi- Provençal, Les historiens des Chorfa . Esrai aur la litérature historique 
«1 biographique au Maroe du XVI au XX siècle, (Paris, 1922), p. 336. 

{$). Munvaggit of al-Azhar in Cairo (1. ca. 1460) CE. H. Suter, Die Mathematiker und Astronomen der. 
Araber und ihre Werke. Abbandlungen zur Geschichte der Mathematischen Wisrenschaften, 10 
(Leiprig. 1900) pp. 182 — 184 n° 445: C. Brockelmann, Geschichte..… IL p. 215 and H. P. J. Ré. 
naud, Additions.. p. 176, n. 445. 

ing. À Catalogue of Medieval Astronomical Instruments : Astrolabes | Quadrants and 


uräd ** de Ibn Bäyo . Ediciéu tradue- 

formation on the extant examples of this 

late to professor D, King of the Tastitut für Geschichte der Naturwissenschaften ( University 

of Frankfurt) who is preparing à catalogue of astrolabes and quadrents (ef. n 6). 

(8) T'huve already fnished an edition, translation and stndy of this treatise which have been the 
main theme of my doctoral thesis (ef. n. 7 above). 


On the Construction of Ibn Baso’s Universal Astrolabe 
(14#* C. ) According to a Moroccan Astronomer 
of the 18t* Century! 


Eniua Caivo 


1. Fatroduction 


Hasan b. Muhammad b. Bäço was fagih , muwaggit and chief of the 
timekeepers in the great mosque of Graneda. Ibn al-Khatïh emphasizes 
his grèat skill in the production of astroremical instruments and says 
that he was both an inventor and the author of treatises (mustenbatät wa 
tauälif). He died'in 516 H. / 1316 À. D.? 


Ibn Bäso wrote a treatise on the use of a device that he called al saftha 
al-jämi‘a li-jamic al-“urag (universal plate fer all latitudes ) in 160 chapters, 
This treatise, completed in 1274, is preserved in several manuscripts extant 
in the Escorial (ms. 961), in the National Library of Tunis ( me. 9215) and in 
the Royal Library of Rabat (ms. 4288). 


A few abridgements of this treatise are also extant, The most remar- 
Kable of them is tbe one entitled Nubga li-m& yata“allag Li-l-afiha al-jami‘a, 
"’Nôte on the Universal Plate”, the only known source which describes the 
construction of this plate, & topic which does rot appeer either in Ibn Basc's 
treatise oï in the other extant sbridecmerts . 


(1), This is a revised text of, a commanieation presented in the XIII Internationel Congress of 
“History of Science held in Hambarg and Munich in August, 1989. 

(2) Cf. Jün aleKhofib, al-lhäta fi akhbär Garnéfa, ed. “Abd Allëh “Inn, vol, 1 (Caire, 1672) p. 460: 
HP. J. Rénaud,!" Notes critiques d'histoire des écienees chez les musulrrans. L- Les Ibn Bâga"" 
Hesparis, 24 (1937) pp. 1 — 12 and ** Additions et corrections à Suter*”, Isis XIII (1932), p. 
172 n° 3B1b.; G, Sarton, Introduction 10 the History of Science, (Baltimore, 1627 — 1931) vel, IL 
1: 696; J. Samsé , À propos de quelques manuscrits astronomiques des bibliothèques de Tunis: 
Contribution a une étude de l'astrolabe dans l'Espagne musulmane. Aetas del 11 Coloquio His- 
pano-Tunecino (Madrid-Bareelona, 1972) L. H. A. C. Medrid, 1973 pp. 176 182 and E. Calvo, 
les échos de l'oeuvre d’Ibn Bâso en Afrique du Nord. Actes du VII Colloque Universitaire 
Tuniso-Espagnel sur Le Patrimoine Andalous dans la Culture Arabe et Espegnole. Tunis, 1991, 
pp-65 19. 

* University of Barcelona, 


J.H. A. 8. 92-93 — 1994 : Vol. 1U : PP. 53— 67. 


The Life and Work of Ibn Al-Shätir 


Fdited by : 


E. S. Kennedy and ‘Imäd Ghänem 


Aleppo, IHAS, (1976) . 


29 x 28 cm., paper bound, 191 pp. in English, French and German, 44 
pp. in Arabie, 21 drawings, 6 plates, biblio, indices. 


This memorial volume was produced for the 600th annivérsary of the 
Damascène astronomer whose theories and inventions profoundly affec- 
ted the development of modern astronomy. It highlights the intriguing pos- 
sibility of a linkage betwecu the planetary and lunar models of the late 
eastern Islamic tradition and of Copernicus. 


A handy volume on all the material in print on Ibn al-Shätir, it also 
contains a bibliegraphy of his 31 extant works , noting where copies are 
available. 


Ibn Al-Shätir's most significant contribution centered on correcting 
ptolemaie mechanisms regarding lunar motion which predated copernicus. 


Price: US $ 12.00 (Postage expenses are not included). 
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Prime Meridians in the Tables of Geographical 
Coordinates of al-Andalus and North Africa , 
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probably of Näsir b. Sim‘ün ( d. 1937 }, the table uf al -Wäbaknawt® 
(1330), sowe of the tables of the Persien group à s those uf al -Käshi (1420) 
and Abü-1-Fagl “Allämi (1580). which employ the mieridian of al-Zayyât 
together with the meridian of water fer westerr laealiti-s , ax d the table of 
al-Dimyätit (c. 1628) . 


Al: Zayyät simirg te use the new prime meridian added 7:30 
instead of 17;300 becense he was using, [ur casteru tocalitizs, al-khwa- 
rizmi’s coordinates which are 100 less than the Ptolemaic ones. 


Ju conclusion, what is cleur when trying to détermine the base meridian 
used in a table of geogrephicel coordinates is that almost all of them are 
completely mixed vp. On the one hard , theory ard practice seem to follow 
séparate paths . The meridian stated in the theuretical part of a zij some- 
times dæs not conform to the ones ersployed in the teble of geographical 
coordinates. Such is the case of al -Zayyät , but also of the Toledan Tables, 
the Alfensine Tables, etc. And , on the other band, aimost all of them employ 
more than one zero meridian , try to caleulate the coordinates cf the 
localities of their own countries . and intend 10 adapt or correct Ptolemaic 
longitudes following al-Kbwärizmi. 


Be that asit may, this” meridian of water” is another of theintéresting 
peculiarities of Andalusian science which probably erigirated in the X® 
century, if not before, À peculiarity that was to exert strong influence derinz 
more than Bve centuries mainly in the Iberian Penirsula and North Africa, 
but also, ta some extent, both in the Muslim East ond Latin Europe, 


presently working on the ms. 468 of the Leiden University Library, in which the 

geographical coordinates are similer to the ones of Thn Said al-Maghribi. ulthough the author 
introduces for almast half of the localities of ol -Andalus and North Africa the coordinates of al- 
Zayyät. Surprisingly be seems Lo use the meridian of water only for the eity of Marrakesh . 

{43) MUN in Kennedys* Geographical Coordinates. 

{44) QBL. in Kennodys' Geographical Goordinates. 

(45) See also KIRTLAND WRIGHT, J. Nous on the Knoulrdge gf Latitudes and Longitades.… 
m-08. 
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the two sijes of Yahyä b. Abï-1-Shukr al-Maghribi31 (1258 -1276), and the 
geographical table of the Minhäj of Ibn al-Bannä’ al-Marräkushi*(1321). 


Apart from that, there are some other tables which use this meridian 
of water although they do not belong to al-Andalus or North Africa. I refer 
to the table of al-Dimyäti ( e. 1628 ), and the ones of the Persian group 
such as the zÿes of al-Käshi° ( 1420 ) . although he only uses this meridian 
for some western localities such as Marrakesh and Malaga, and the one 6f 
Abü -1-Fagl “Alämi” ( 1580 }, as well as the table compiled by Conrad 
von Dyffenbach in Europe in 1426%, and a table found in a miscellaneous 
manuseript of the National Library in Vienna (N° 5311) copied probably 
in the XIV“ - XV centuries. 


In fact , as Prof. J. Vernet has shown”, we can find reminiscences of 
this *” méridian of water” in the North/ South ‘ line of water" demarcation 
established by Pope Alexander the IV and accepted by the Kings of 
Portugal and Castille through the ” Tartado de Tordesillas” (1494). 


Finally, there is another interesting feature of the coordinates of loca- 
lities of al-Andalus and North Africa in several other tables. Namely that 
their longitudes are 10° less than the ones reckoned from tbe meridian of 
water, that is to say, 7:300 to the west of the Canary Islands , but 17:300 
of the Atlantic shore of Africa . 


The first time this displacement appears is in the table of the Andalu- 
sian geographer Abü-l-Husayn al-Zayyät® ( 1058 ). Some of al-Zayyät 
coordinates reappear in later tables such as that of Nasir al - Din al- Tüsi® 
(c. 1270) , the geographical table belonging to the Kitäb kanz al yawägi, 


4 MAG in Kennedys" Geographieal Coordinates. 
Kennedy's Geographical Coordinates. C£. also J. Vernet , Contribuciôn al-estudio de la 
Labor astrunémiea. de Jhn al-Bunnë”. Tetuan 1951 . 

(35) QBL. in Kennedys' Grographical Coordinates. This table introduces another trend characteristic 
of the andalasian tables: the use of à latitude for Tunis which range between 37 and 349 instead 
of the established 339 . 

(6) KAS in Kennedy» Gengraphieal Caardinates Cf . aleo E.S, and M. H. Kepnedy , AEKäshis" 
Geographieal Tables. * Transactions of he American Philorophical Society ‘*. Philadelphia 
1947, 1 — 47, It must be said that al-Käshi's work shows some other andalusian astronomical 
features such as the elliptie shape of the deferent of Mereury . Cf. M. Comes, Ecuotorios ando- 
lusies. Ibn al-Samh, al-Zorgélluh y Abäl-Salt.… Barcelona, 1991, 149 — 150 and 163. 

(47) AIN in Kenuedy"s Geagraphirol Coordinates. 

(38) Prof. E.S. Kennedy kindly provided me with a typeteript of his work on this table. 

(39) Prof. J. Vernet bas kindly provided me with a typeseript of his work on the Arabic navigation 
and its influence ia the discovery of America, 

{40)ZAY in Kennedy"e Googrophieal Coordinates. C£. also F. Castel, El Dikr al-agälim.… Barcclona, 
1989 

{1} TUS in Keunedy"s Geographical Coordinates, 
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** You should know that the longitudes of the cities are establiched from the west 10 thé eat, 
because we are eloser ta the west and for this reason we start measuring from there, Some other 
people established the longitndes of the cities from an island which ie in the west bat did not 
establish them from the very same west. from this island to the very same west there are 17 
degrees and 20 mintes . 


This prime meridian will appear even in some of the Persian maps show- 
ing a set of erossed meridians and parallels, sueh as the one of Mustawfi 
(d. 134977 . 


As far as numerical tables are concerned , the first time we find this 
 meridian of water * employed is in the Zij of Ibn al-Kammäd whose table 
of geographical coordinates contains 30 entries , 15 of which correspond to 
localities in al-Andalus and western Maghrib. The longitudes of these locali- 
ties are calculated taking as zero meridian the aforementiened new prime 
meridian, while for the rest of localities the meridian of the Canary Islands 
is employed . It is also worth mentioning that the longitude for Toledo is 
again 28:000, as in the Zfj of Ibn Ishäq al-Tünisi(c.1222) . After Ibn al-Kam- 
mäd ; we find this meridian in several of the tables of geographical coordi- 
nates produced in the Iberian Peninsula in the lower Middle Ages such as 
the Sefer hu-Ibbur of Abraham Bar Hiyya ha-Bargeloni®t ( d. 1136), the 
table of the Ziÿ al-Shämil of Ibn al-Ragqäm ( d. 1315 )?, and the already 
mentioned Portuguese Almanac of Madrid (1321), where for the first time 
the name ! meridian of water ” | d’agoa )is explicitely stated. The same 
meridian appears, towards the eud of the XV® Century. in the Commen- 
tarius astrologicus of Diego de Torres* and both in the Almanach Perpe- 
tuum and the Ha - jibbur ha-gadol of Abraham Zacut*. The” meridian of 
water” is also used in several Maghribi sijes and other astronomieal works 
such as the Jémi® al-mabadi” of Abal-Hasan SA al-Marräkushi® ( 1250), 


— nosotros estamos mas cerea de occidente e por esto començamos de alli_ a contar, « otroe ouo 
que contaron la longara de 1 
del propio occidente e della 


ibdades desde una isla que esta en occidente e non la contaron 
propio oecidente ha .17, grados e. 20 . minütos . 


(27) CE. J. Vernet, Instrumentos astronémices ( 1250 — 1600 ) ;* Coloquio sobre Historia de la Cieneia 
Hispano-Amerieana®® (Madrid, 1977). 211. 


(28) Cf. R. Loguarda, Fundamentaciôn histôrice 


(29) Ibn al-Ragqäs, al-Z5j al-Shämil fr tahdhib al Kämil, - Ms. Kondilli 249, £. Br, Professor ES. 
Kennedy kindly provided me with a photocopy of this table. 


(30) Ms. 3385 of the Bibliot 
30 - 54 and 72. 


(81) CF. R. Laguardo, Fundamentacién histôrie 
(32) Abbrevinted as MAR in Kennedys” Geogre 


45-47 and 66. 


Nocional de Madrid Cf, R. Loguarda, Fundamentaciôn histôrien.." 


54-56 and 73 - 76. 


cal Covrdinates. 
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rounded up figure which is to be found repéatedly, for instance in the tables 
of Ibn al-Kammäd and Ibn 1shäq al-Tünisi® among others. 


But there is also another reference" in the 1483 edition of the canons 
of the Alfonsine Tables ; where besides the above mentioned statements 
— with the difference that the longitude of Toledo is 28.309 instead of 280 — 
we find a clear distinction between what is called the ” true” occident, that 
is to say the new prime meridian, and the * inhabited ” occident, which 
correspends to the Canary Islands : 


or the tuble contains the longitudes of the cities included from the inhabited west and 
the latitudes from the equinoctial line towards the north. You should note that ” astrologers"' 
consider the west ia two different ways. Aceording to the first, the west is the furthest end of 
the inhabited world aod is called the inhabited west . It is placed at à distance of 12 degrees 
and 30 minutes from the city on the equinactial line which is 90 degrees From the east, The table 
nées this inhabited wvest for the longitodes of its cities . According 19 the second way, the west 
ik placed at à distance of 90 degrees From the city of Arin towards the occident . This is called 
the tré west for between it and the east there are 180 degrees , which is half of the celestial 

sphere. Arin, therefore, is in the middle kecping the same distance from both ends, that is 90 
degrees from each. This true we is placed 17 degrees and 40 minutes to the occident of the 
inhabited west. 


It must be said, however, that this new prime meridian is used uniquely 
in some copies of the Alfonsine table of geographical coordinates and only 
for some cities as Toledo, Saragossa, Barcelona, ete but not for some others 
like Cordova, Tangiers, ete. 


Also refering to these two meridians, at the end of XV® Century , 
Abraham Zaeut# in his Ha-jibbur ha-gadol states?t: 


(22) Although Tbn Ishäq's Zij has no table of geographieal coordinates, bis mean motion tables are 
caloulated for Toledo and a longitude of 280 s stated there for that city. 

(23) "Nam hee tabula continet de eiaitatibus in ea nominatis longitudines ab oceidente habitato et 
latitadines ab equinoctiali linea versus septentrionem, Et scito quod astrologi accipiunt dup- 
pliciter accidens. Uno modo accipiendo à loco extremo habitationis extreme in oecidente: et 
istud vacant occideus habitatum. et istud distat 72. gradus et. 30. minuta a ciuitate quac est 

sub linea equinoetiali. et distat -90. grands ab oriente, et secundum istud occidens habitatuum 
continet ista tabula longitudines cinitatum. Alio modo aecipiuat occidens in loco versus 0 
dentem distante addita ciuitate Arim 90, gradus . et istud vacant occidens verum pro co 
quo ah illa loco usque in oriente sunt gradus .180. qui sunt media pars celi et arim. tune 
estin medio distans equaliter ab oriente et occident. scilicet a quolibet ipsorum per .90. gradus 
et istud occidens verum est altra occidens babitatum per 17. gradus .et 30, minuta. * 

4) Cf Fditio Venice 1483. Poulle*s edition (Les tables alphonsines avec les canons de Jeun de Saxe. 

1984) dæs not include this part of the text which . according to the editor, das not core 
respoud 10 the eanone written by John of Saxony : 

(25) F. Gantera Burgos, El Judio salmontino Abraham Zacut.-Revista de la Arademia de Ciencias.- 
TX XVII. 12/23 serie, 183. And Abroham Zacut, Siglo X F. Madrid, 142. The main difference 
between tbe references found in these twa texts is that the distance between the meridian of 
Ahe Canary Islands and the metidian of water is 17:20 in the first one wbile in the ather is 17:300. 

(26) * Has de saber que la Tongnra de las eibdades se cuenta desde oceidente para oriente porque —» 
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- you should kaow that we have established the radices of these mean [motions] for Jaen and 
that they are based on a longitude of 629 to the west from Arin… 


That means that the longitude of Jaen would be 28° from the hyp- 
thetical frst western meridian. In this case, we cannot compare this figure 
with Ptolemy's because this city dæs not appeur in his tables. But we can 
see that the longitude given to this locality in the tables of Abü-1-Hasan 
“A al-Marräkushi (1250) and Muhammad b. Abï-1-Sbukr al-Maghribi 
(1276) is 27:300. And both belong to the group of authors who use for all 
the localities in al-Andalus and North Africa the new ‘’meéridian of water ”. 

Furthermore the difference in longitude between Toledo and Jaen 
in modern determinations is of 34 minutes. 

Also, probably at the end of XIJ% century ; the canons of the sij named 
al-mugtabis by Ibn al-Kammäd" , very probably a disciple of al-Zarqälluh , 
include a statement of the longitude of Cordova where the new meri- 
dan is used: 

4 all the rodives in it correspond to the meridian of the city of Cordova , which longitude 
considering Erin as the centre [of the oïkumene], is 27 degrees from the western meridian and 
153 degrees from the eastern one . Îts western longitude from the centre of the Earth, which is 
Erin , is 63 degrees. These are the limits of the longitude of Cordova, on which we have based 
these canons. *’ 


We detect in Ibn al- Kammäd's text three longitudes: 270 from the 
western meridian, 153° from the eastern meridian and 636 from Arin, the 
centre of the world. These figures are exactly the same we found implici 
Ibn al-Saffär's text, and show the exact position of the prime western 
meridian. 

One century later we find again another reference to this meridian in 
the canons of the Alfonsine Libro de las taulas®. I translate the passage 
from Rico’s edition? . 

©. the longitude of this city [Toledo] frem tbe western circle of the horivon of Arin ; where 
both poles appear, is 28 degrees, and from the cirele of the horizon of the aforementioncd city 
(Arin) is 152 degrees. The longitde of the cirele of the sun for the meridian of this city [Toledo] 
from the cirele for the mevidian of the aforementioned city (Aria) is 62 degrees ta the west." 

The longitude for Toledo is 152° from the Eastern limit of the known 

world, 62° from the meridian of Arin and 28° from the Western meridian, a 


{18) Ms. 10023 Biblioteca Nacional de Madrid, Chapter9. 

(19)""..t0tas radicales positas in eo que sunt in meridie centri cireuli cluitatis Cardube et ipse est locue 
euius longitudo a cireulo occidentis ex entro Erin est gradus 27 et a cireul orientis a centro 
Erin gradus 153. et longitudo ejus a medio centro terre que est Erin accidentaliter est gradus 
63 et bit suat fines longitudinis Cordube super qua longitudine edifeatus est iste eunon" 

{20) M. Rico y Sinobas, Libros del Saber de Astronomia. - Vol. IV. Libro de las Taulas. 120. 

(21). Et la longura desta cibdat [ Toledo ] del çerco occidental dell orizon de (aryn). donde ap: 
rescen amos polos es X XVIII. grados. Et del gerco dell orizon deste logar sobredicho de (aryn) 
es .Ciet.LIT grados . Et la longura del gereo del sol medio dia desta cibdat del çerco del medio 
dia del logar susodiche que es eu (aryu) escontra occident. ex LXII grados.….”" 
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gebauer conclrdes that the time difference between the meridian of Cor- 
dova used in the tables for the computation of mean syzygies ( tables 69 
and 70 ) and the base meridisn used in the tables of solar and lunar mean 
motion { tables 4 t6 8) amounts ta 4 hours and 12 minutes, that is to say 
639 in longitude. He supposes that the second meridian could be that of 
Baghdad , although the figures do not fit very well. But, evidently, this is 
the same difference we found in Ibn al-Saffär's canons , which means that 
the first implicit reference we have related to the possible arigin of this later 
on called * meridian of water ” is due to Maslama. 


On the other hand, the possibility that Arin was the second place fits 
very well with the fact that the tables of al- Khwärizmi were computed 
taking Arin as zero meridian and, on top of that, we find this figure in the 
appendix te the Liber Universus of “Umar Ibn al. Farrükhän al- Tabarï? 
wbich cireulated in al-Andalus , where for an horoscope casted fer the year 
940 a time-difference between the cities of Arin and Cordova of precisely 4 
hours 12 minutes is stated. 


Furthermore, in a later hand addition to the Corpus Christi College 
ms. of the Tables of al-Khwärizmi we can find the following statementit: 


** Distauee from Toledo to Winchester: 9 degrees 36 mivutes. Longitude of Toledo: 28 degrees 
49 rainutes from the West. Longitude of Winchester: 19 degrees % minutes from the West." 


Implicit references of the same kind are to be found in the texts during 
the following five centuries . In the first half of the XI century , the Qädi 
Safid of Toledo in his Tabaqät al-umams states that the longitude for Toledo 
is approximately 28° . 


Next is Ibn Mu‘ädh, who follows the tables of al-Khwârizmi and wrote 
in the second half of the XI% century his Tabulae Jahen’é, where we can 
find the following of the abovementioned references, The translation of the 
passage of the canons!’ is as follows : 


(12) D. Pingree ; The" Liber Universus ** of “Umar Ibn ol -Farrükhän al-Tabari - Journal for the 
History of Arabie Séience 1 (1977), 8 - 12. 

(3) Cf. 0. Neugebauer, The Astronomical Tables of al-Khwärismÿ . Particularly the appendix dealing 
with the Ms. Corpus Christi College 243 (Fals. 114r 10 145r) 

(4) ‘’Distancia tholeti a Wintonia 9, gradus ,36. minute. Longitudo tholeti 28. gradus .49, minute 
ab oecidente. Longitudo Wintonie 19. gradus .3, minute ab occidente ‘' Cf. Neugebauer , 
op. cit., 229 — 240. 

(5) Cf. L. Richter-Bernburg, Sä*id, the Toledan Tables"* and Andalust Science, -** From Deferent to 
Eqnant’”, 949 — 499; and Sä“id al-Andalust, Tabagôt alumam.-Edited by Hayat Bü "Alwän. 
Beint, 1985. The corresponding text is found in p. 157 + qu 4 à 35 y te sole Un 

(6) C£ Tobulae Jahen. - Nuremberg 1549, Chapter 8. Also H. Hermelink , Tabulae Jahen.- Archives 
for the History of the Exact Sciences 2 (1962 — 1966), 108112 . 

(17). Et ecias quod eus posaimus radices borum mediorum ad Taben, secundum quod eius longi- 
tudo est ab Arim a qua est oceidentalie. ad sexaginta duos gradus. *" 
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There are only two possibilities to account for a longitude for Toledo 
0f 613309 from Arin, The first is that the prime western meridian was still 
supposed to be at the Canary Islands, which then must be placed at 27:306 
tothe west of the shore of Africa. This assumption is really difficult to believe 
in experienced astronomers which were preciselywrking in al-Ardalus and 
western Maghrib, The second one is to think that te account for the time- 
difference between Arin and Toledo, while keeping the traditional 909 bete 
ween Ain and the first western méridian. these astranomers displaced the 
prime western meridian the afcrementioned 17:30° 16 the west of the ptole- 
maic prime meridian. 


During my researches on tables of geographical coordinates; some 
new materials related to this new meridian have become available to me. 
Firstly, my colleague Margarita Castells, who is undertaking the edition 
and translation of the cunous of al-Zij al-Mukhtasar® by Lbn al-Suflar ( d.. 
1035), probably a summary or adaptation of Maslama’s version of al-Khyä- 
rimi tables, has drawn my attention to the following passage of the texti0: 


I have established the radires in the tables of conjunctions and oppositions of this book fox 
the meridian of Cordova. So, if you carry out the computation of am eelipse for the meridian of 
Corduva, then add Lo its time 4 1/5 hours, because this is the distance in time From the midille 
of the Earth, God willing”, 


Thus, according to Ibn al-Safär. Cordova is 4 1/5 hours. that is to say 
63, to the west of Arin, the eentre of the world. But Ptolemy’s longitude 
for Cordova is 9:200, Arguing as before, we again determine the hypothe- 
tical western meridian implied in this text 10 be at 17:406 west of the For- 
tunate Isles. 


One might expect that the adapters of al-Khwärizmi tables would have 
used his coordinates, uniess new measurements had been made in Spain. 
Bearing in mind the hypothetical displacement of the western meridian 
implied in the canons of Ibn Al-Saffär, as well as the fact that he was a dis- 
ciple of Maslama (d. 1007-1008), who was the first to introduce al-Khwäriz- 
ami tables in al-Andalus, 1 examined the canons and tables of the later. 


In fact, Neugebauer, in his translation of Athelard of Bath’s latin 


version of Maslama’s revision of the astronomical tables of al-Khwärizmi!! , 
gave me the clue. When dealing with mean syzygies «nd epoch values, Neu- 


(9) ln al-Saÿlär, al-Zij al-Mukhtaçar- Ms, Paris B. N, Heht 1102 (M. 1-5). 
GO) HG ab je es Je DER Le GG Eds Sub dite LS nés 0 
CAES Bb es Se pol ds Je 55 Leg Je con Je GR dar els 
eu at à] 5 3Ÿl Le 

Q1) O: Neugebauer, The Astronomical Tables of al-Khnärismi- Copenhagen 1962, 110 - 111 . 
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was employed mainly by geographers and astronomers of al-Andalus and 
Western Maghrib and is attested in seven of the Islamic sources, besides 
another six sources which use a meridian porbably derived from it. 


The reason why this meridian was not identified in the abovementioned 
book is that it was used only for western localities, and the anthors, limited 
by statistical reasons . have probably conjectured the base meridian of 
each table by examining the longitudes of frequently vceurring localities , 
usually easteru ones, But, in fact, most of the tables use two or more base 
meridians, 


The frst time we can find this meridian explicity named is in the 
Portuguese Almanae of Madrid (1821)° , where following the name of some 
localities the words da terra or d’agoa identify the meridian employed . How- 
ever, implicit references pointing at the possible crigin of this meridian are 
to be found in Spanish materials from the end of the Xth century onwards . 

The most famous reference is found in the canons of the Toledan Tables 
attributed to al-Zargälluhé, although this meridian was not employed in 
the Tables themselves, The translation of the relevant passage’ is as follows: 


the longitude of the place called Toledo + for whose meridian the aforementioned radices 
have been established in this buok-is at a distance of 4 and one tenth hours from the centre of 
the world, a place which is believed ta be in India, that is to say in the city of Arin, the longi- 
tnde of which From Ehe eust is 900... °°. 


The detérmination of the distance between Toledo and Arin, however 
it may have been arrived at#, had the conséquence of necessitating a revi- 
sion of the position of Toledo relative to the prime western meridian. These 
4 and 1/10 hours between Arin and Toledo imply a longitude difference of 
61:30. Now, the longitude of Arin was 900 s0 the longitude for Toledo must 
be 28:30° from a hypothetical western meridian. But, Ptolemy, using as 
base meridian the Canary Islands, bad placed Toledo at a longitude of 119, 
consequently there is an implicit shift of the zero western meridian to 
17:309 to the west of the Fortunate Ieles. 


(5) Ms. 3349 of the Biblioteca Nacional de Madrid . Cf. R, Laguards, Fundamentacién histérico, 
40 — 42 and 63 - 64. 

(6) J. Kiriland Wright, Notes on the Knowledge of Latitudes and Longitudes in the Middle Ages. 
Isis, V (1929), 90, and J. M. Mills Vallicrosa, Estudios sobre Azarquiel.. Madrid-Granadu, 
1943 — 1050, 49. 

(1) ‘longitude autero loci ad mediam diem enius radices prediete in hoc libro posite sunt qui 
Toletum dicitur , est # horarum spatitun et decitue unius hore a medio mundi qui loeus ereditur 
esse in India in cinitate seilicet que voeatur Arim, enus langitudo ab oriente eut 90 gradurm,..". 

(8) Probably by means of a simultaneous observation of a lunar eclipse as it is described ju the 
Jämi al - mabädi' wa-Lghäya by al - Marräkashi. Cf, J. J. and L, À. Sedilot, Traité des instru 
ments astronomiques des Arabes. Chapter LXVI, pp. 312 - 314. 


The «Meridian of Water» in the Tables of Geographical 
Coordinates of al-Andalus and North Africa 


Merce Comes* 


Tables of gegraphical coordinates involve the use of two circles of 
reference: the terrestrial equator, from which latitudes ure universally mea- 
sured, and a conventional, and to some extent arbitrary, zero meridian used 
as starting point for reckoning longitudes. Following the Indian tradition, 
Arabic geographers and astronomers considered that the ivbabited part of 
the world was the terrestrial hemisphere which extended 909 either side of 
a point on the equator called the * cupola of the Earth ” ; that is to say 
Arin?, 

E.S. and M. H. KENNEDY, in their comprehensive book Geographical 
Coordinates of Localities from Islamic Saurces , identify four base meridians, 
namely: the Canary Islands, employed in about half of their sources: the 
Atlantic shore of Africa, used by all the other sources except three;a meri- 
dian placed in the Far East, found in only two sources; and finally the me- 
ridian of Basra, employed in the remaining ane . 


However, at least a fifth base meridian must be taken into considera- 
tion. I refer to the ” meridian of water”, so called because it was placed in 
the Atlantic Ocean, 17:300 10 the West of the Canary Islaude*. This meri- 
dian, which as we will see derived from that of the ” cupola of the Earth ”, 


+ University of Barcelona 

QG) This paper was presented at the XVIII International Congress of the History of Science 
(Hambourg, August, 1989). L want to express bere my gratitude to Professors E, S. Kennedy, 
D. À. King and J. Samsé for their most useful cowments on à first draft of this paper. 

(2) At this respect CE J. T. Renaud, Géographie d'Aboulféda. — Paris, 1848 (Reprint Frankfurt am 
Main, 1985 ), CCXXXI — CCLVI: and F. Sezgin, Lhe Contribution of the Arabic-Islamie 
Geographers 16 the Formation of the World Map.- Frankfurt am Mait, 1987, 1 — 49. 

() ES. & M. H. Kennedy, Geographical Coordinaes of Localities from Islamie Saurces. - Frankfurt 
an Main, 1987. Cf. also MH, Regier ; Kennedy"s Grographical Tables of Medieval Islam : an 
Exploratory Statistical Analysis," From Deferent 10 Equant : a Volume of Studies in the 
History of Science in the Ancient and Medieval Near Eost in Hünour of E. S, Kennedy *, Edited 
by D. King and G. Saliba.- New York 1947, 857 - 472, and E.S. Kennedy & MIT. Regier, Prime 
Meridians in Medieval lalamie Astronomy- Vistas in Astronomy 28 (1985), 29 — 32. 

() Cf R. Loguarda, Fundamentaciôn histérica del descubrimiento de América-. Montevideo, 1084, 
14-29, where he tries to éhow that the meridian of water correspouds to the Tele af Antilla . 
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L'œuvre Algébrique d'al-khayyäm 
Translation and Commentary by : 


Roshdi Rashed & Ahmad Jabbär 


Aleppo, THAS, (1981). 


24 x 18 em. , 144 pp. in Arabie, 192 pp. French, drawing, indices, paper 
bound. 


Kitäb Rasä*el al-Khayyäm al-Jabriyya (Algebraic Letters of al-Kha- 
yyäm) is edited, stadied and translated into French by Dr. Roshdi Rashed, 
CNRS, Paris, in collaboration with Dr. Ahmad Jabbär . 


The work includes all al-Khayyäm's well- known manuscripts 80 
far, as well as two epistles, the firet of which, edited by ” Febka” last cen- 
tuxy, is a general treatment of the cubic equation. The second epistle, hit 
herto unedited, which he wrote prior to the above, is a treatise on the divi- 
sion ofthe quadrant 


À foreword in Arabic, with the entire text and the mathematical ana- 
lysis (both in French) give al-Khayyäm's life and works and provide new 
ideas on hie Algebra. 


SUmar al-Khayyäm (or al-Khayyämi) 1048 — 1131 Mathematician, 
philosopher and port. 


Price : US $ 18.00 (postage expenses are not included). 
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hence, for bx + cs = d then b(a—:) + cz = d. 


The solution of the final equation is completed, using the third process in 
Regula Infusa . 


From a strietly algebraic viewpoint, Ajjüb’s threefold Regula infusa 
changes an unknown’ cæficient that is other than one to one. He consi- 
ders three separate and distinct situations without ever generalizing the 
procedure. Al + Khwärizmï, on the other hand , has a single rule,” . . . 
what is more or less than [one] treasure is to be reduced to one treasure" 
( quod fuerit maïus censu aut minus , ad unum reducetür censum [ Hughes , 
234]) . His examples show that the three case solved separately by Ajjüb 
are solved by using what is equivalent to the multiplicative inverse; one 
rule, one technique, Hence, it may have been al-Khwärizmi who made the 
generalization. 1f the threefold rule was common in his day, then his synthe- 
sis of the three techniques into one general rule and technique was an ob. 
vious improvement over several distinct methods for reaching a unitary 
cœfcient . Alternately, in light of the facts that a major purpose of algebra 
was to assist in correctly dividing the estate of a deceased among benef - 
ciaries and that Ajjüb was a professional divisor, his threefold method may 
witness to an algebraic tradition that antedates al-Khwärizmi yet continues 
along side later improvements. 


From this line of reasoning, another supposition suggests itself: in 
view oï the fact that Ben Ezra was highly knowledgeable about contem- 
porary Arabic thought in Spain , one would expect him to have incorpo- 
rated al - Khwäriemï'e algebra into the Hindu text were he aware of it. 
Since he was ofering an alternative method for solving the problems , 
surely he would have chosen the simpler method; but he didnot, Apparently, 
he knew nothing about al-Khwärizmis Algebra. On the other hand , since 
Ben Ezra was trying to enhance the Hindu text, perhaps he thought that 
Ajjübs threefold approach was easier 10 use. 
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The same phrase appears in thesecoud, fourth, fifth and sixth prob- 
les. In the third, the cœflicient is 2 and the instruction is to halve the 
constant. (Recall that in medieval times , mediation was an arithmetie 
operation.) The last three problems are in à much later chapter where the 
author supposedly thought that the reader would have romembered what 
+0 do; hence, there is no instruction. The final answer is simply presented, 


Another set of five problems are ultimately solved by dividing the 
constant by the cæflicient of the unknown: (347.17, 350.26, 353.27, 358.28 
and 361.1]. What distinguishes these problems is that each begins by seek- 
ing 10 find two nnkowns characterized by two conditions . The slution 
procedure requires a parameter that connects the two unknowns, Then a 
single equation in one unknown is solved, after the manner of the third 
category of Regula Infusa. The first three problems are ‘ encounters * 
between two people Who are comparing possessions: the remaining two 
deal with different quantities of goods . AI begin with two unknowns, 


The encounter problems introduce an auxiliary variable, u (res), thus: 
It is required to learn how much money each of Lwo men, x (primus) and 
3 (secundus) , have. They meet and exchange information. One says to the 
other, ” Give me a dragma and l'Il bave as much money as you,” This 
condition permits the introduction of au auxiliary variable: 


æ+l=:—-l=u 
which lead to x=u—1l andi=u+l. 
The second condition focuses on the auxiliary variable. The other person 


says, ” Give me four dragma and L will have twice as much as you.” This 
condition can be represented as 


2(u—1—(4]) =u +1 +4] 
2(u —5) = u +5. 
Hence, u —15,x = 14 and s = 16. 

Each of the quantity problems seeks to learn how müch of two differ- 
ent things are in its owu group. The first asks about two kinds of gold coïns; 
the other queries about two kinds of grain. Both problems solve for one 
unknown in terms of the other with the usual consequent substitution . 


That is, 


if x+s=a , then x=a— 
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Problems [317.18 and 220,4] are solved in the same way. 


The other three of this set of six problems, however, while eventually 
using the subtractive process, introduce something now : a parameter. The 
sofation of problem [320.20] shows it : À treasure is increased by a third. 
Then a fourth of the aggregate is added to the first sum . The new sum is 
30. How much was the treasure originally? ” The method calls for the first 


sum, + 2 2 10 be represented by a * thing” (res) or Then the rep- 


resentative equation becomes 
ag D ne ap 
F 


This is solved by the subtractive process 10 produce 3 — 24 which gives a 
value 10 the initial condition; that is, 


This is solved by the subtraction procedure, In short, the three problems 
employ a parameter, and the subtraction process is used twice. 


If the unknown in the next-to-last step in the solution of an equation 
representing a problem has an integral cæflicient greater than one, the 
solution process comes from the third category within Regula Infusa. Nine 
problems belong here: [325.13, 327.18, 328.3, 331.29, 333.26, 336.11, 363.7, 
365.14 and 367.16]. The procedure is straightforward: divide the constant 
by the integral cœfficient. The first problem leads to 


B8z—21. 
The instructions in the text are ” Divide 21 per 8 res. ” Note that at this 


point in time, there was no word for ‘eu ficient”: the reader was supposed 
10 know (or, learn) that the divisor was the 8 alone . 


Hence, #— 
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With the sum of the cœfficients less than 1, the author asks, How much 


must be added to _ and +. + = until one x remains?  Obviously, 


it 18 2 To obtain this, he takes JL of Ds which he adds to the left 
side of the equation. Similarly and with respect ta the ccmeter.t term, be 


adds ET 16 to 16, resulting in 


s-u+. 


a 


In general, if + 


# must be added to æ in order to produce one z , then 
the fractional cœffcient is always multiplied by + : likewise the constant 


term is multiplied by _ . Finally , the products are added to the terms 


on their respective sides to reach the answer. The remaining problems are 
all solved in this way. 

There are six problems whose cæffcient are mixed numbers: (315.19, 
317.18, 320.4, 320.20, 321.1 and 322. 14 ]. The general pattern can be seen 
ia the solution of the first problem: ” À treasure is increased by a third, a 
fourth and a twelfth ofits original amount to become 30. How large was it 
originally ? * The representative equation is 


1 1 1 
shit rit gs. 


After all the terms are added together, it becomes 


In order to reach a coëfficient of unity for the unknowe ; + 2 must be 


subtracted from À +. Hence, by following the rule started above for 


adding to reach vnitys do ft pF ; à most Dé subirdeted dons ne 


side of the equality and two-fifths of 30 from the other side; that is, 
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gate the remainder is halved and 2 taken away. The boy has only 1 piece of 
fruit left, How many pieces of fruit did he take originally ? Libri [343 n(2)] 
suggests this équation: 


w 


{x — 


x 1 
Ds D 2) x 


x 
2 
1 x ; 

—+is-+-21-2)—2) 


forbidding to behold and impossible to invert. Rather, the correct represen- 
tation consists of three equations in three unknowns: 


Da—2=vs pres; pr? 


1. 


By solving the equation in s, substituting into the equation to its left to 
solve for » . and substituting again and solving, we find that x — 36. 
Problem [344.6] differs in that the end result of the bribes has the thieving 
Had escaping with his life bat without any apples. Problem [344.19] differs 
in that the gatekeepers give back different numbers of apples. 


The Regula Infusa is a generic name for a method that operates on, 
what ve would call, the positive cæœfficient of the nnknown and the cons- 
tant term. Since the eœæicient may be a fraction less than one, a mixed 
number or an integer greater than one, each situation has its own technique. 
For the first case , the use of the Regula infusa is ordinarily introduced by 
the question, ” Tell how much of the unknown must be added to it to make 
one thing? ” (Die ergo quantum adjungetur [tantis partibus] rei donee redent 
[una] res? [312.5. 313.7, 313.16, ete.]). The second case where the cœfficient 
is a mixed number uses the command, ‘’ Prodnce one thing from one un- 
known and so many of its parts” (Denemina rgo [unam] rem a re et [tantis 
partibus ] rei. [ 315.23, 818.6, 312.16, ete. ]). For the third case, a simple 
“Divide® signals the beginning of the final step of the solation. 

For a cœfficient less than one, there are six problems: (311.10, 312.15, 
313.12, 338.20, 340.27, and 343.3]. The fret secks to discover how much 
money à person started with, if after a number of payments, so much is 
left. The problem can be represented by the equation 


{3—4)—{ +695} 


(4 +645) 10. 


which can be reduced to 
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Assume that cis unknown. Then SE = ce, Mathomatically , the product 


can be taken first, then the quotient found to determine c. Actually , how- 
ever, the method our author employs is, enlarge (or, shorten) a in order to 


find €. This requires rst that the quotient À be found. Afterwards, à 


is multiplied by the quotient to produce c. Hence in the solution, Ben 
Erra finds the quotient, two and two fifths, by dividing twelve by five. He 
continues in the manner stated above. 

The second and final problem solved by single false position is 
[367.20] in which there is a much more complicated set of cireumstances , 
Algebraically, the problem can be restated in this equation: 


1 1 1 3 1,3 1 3 
Fr tr rs) + (ss 7) - 


By letting s = 20 and computing, the left side takes the value 4 2. Then 


the text puts the question in nearly the same words as in the first problem 
1306.18]: * Ergo dicis: in quam numerum multiplicantur quatuor et due 


quinte donec perveniant viginti ?” The response is _ that in turn yields 


the value of the trousure, a+ : 

Three problems are solved by the method of inversion: [343.14, 344.6 
and 344,19] . Inversion operates on the numbers given in the problem, 
beginning with the last bit of information and inverting the standardorder 
of operations ; that is, subtract, add, divide , and lastly multiply the 
numbers that produced the given final result. Problem [343.24] is the time 
honored puzzle of the lad who stole fruit in an orchard and had to pay off 
three gatekeepers in order to exit safely. At the first gate the kecper takes 
half and 2 more, at the next gate the same happens and again at the third 
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The text is a substantial collection of curious problems whose solutions 
depend on mathematies. The problems are grouped according to titles the 
author gives the several chapters in the Introduction: treasures (de censibus), 
apples (de pomis) ; encounters (de obviatione) ; exchange (de cambitione), 
tens and wheat and barley (de decenis et frumento et ordeo) ; bargains (de 
mercatis). and rings (de anulis). Toward the end of the text he adds another 
chapter: selliug (de foris rérum venclium) . These categories identify the 
topies of the problems rather thau the methods for solving them, it being 
understood that most of the problems are first solved by double false posi- 
tion except in the chapter On rings where the problems are solved by ma- 
nipulating a hidden number. Consequently and anachronistically, 1 have 
categorized the other solutions according to the type of equation that rep- 
resents the problem. There are twa types : one equation in one unknown; 
two equations in two unknowns. All the equations are linear, regardless of 
the word census sed here and by later translators to signify unknown 
squared. Juschkewitsch [214, (n) 1] noted that the short title, Liber augmenti 
et diminutionis is remarkably similar to” Überechuss und Fehlbetrag , * 
the title of the seventh chapter of the Chinese text. Nine Chapters of the 
Mathematical Art (ea. 350 B. C.) ; the problems, however, are not the same 
Lcompare with Vogel 70 — 79) . 

Equations in one unknown are solved in five different ways under 
three rubries: by single false position, inversion and regula infusa. Let us 
consider and exemplify each way by itself. Exemplary problem will be 
identified by a number: the integer names the page and the decimal iden- 
tifies the line number. 


Problems (306.16 and 367.20) and only these two are solved by single 
false position. The frst secks to learn how mueh there is 10 a treasure before 
it has been depleted by a third and fourth 10 leave only 8. ( He dæs not tell 
us what the ” 8 ” represents.) Hence, in modérn terms 


1 1 


ë 5— + :=8. 


FRS 
By choosing : — 12 to remove the fractions axd computing, an obviously 
incorrect 5 remains . So he asks . * Tell me then : by how much must you 
multiply $ until you get 127° (Dic ergoin quamrem multipleatur quinque 


donec redeat duodecim ? [ p. 306 }) Without offering any computation he 
respords, ” Two and two fifths. ”* And «o be multiplies eight by two and two 


ffths 40 get the courect value of the treasure ; 19 « 


The theory undergirding the method of single false position is analo- 
gous to the theory of similar triangles. For instance, 


Problem - Solving by Ajjub al-Basri 
An Early Algebraist 


BarnasAS Hucnes 


Sometime in the eleventh century Abraham ben Ezra reputedly trans- 
lated into Latin an Hindu tract on the Rule of False Position titled Liber 
augmenti et diminutionis vocatus numeratio divinationis , ex eo quod sapien- 
tes Indi posuerunt , quem Abraham compiluvit et secundum librum qui Indo - 
rum dictus est composuit [Libri 304). AI of the nine chapters save the last 
pose and solve what may be described as recreational problems by the me- 
thod of false position [Tropfke871£.]. Because of the title, the tract i 
monly attributed to Ben Ezra, even though some writers do no 
in their lists of his writings [Levy 502 - 503; Tropfke 662], while another 
thinks it was originally written by abu Kamil [Suter569- 561]. Noteworthy 
is the fact that after solving the fifth problem in the first chapter, Ben 
Ezra remarks that he is going to solve some of the problems by the rule that 
is called infused, attributed to Job the Divisor, son of Solomon (Quedam 
vero harum questionum investigantur secundum rogulam que vocatur infusa . 
Et ipsa est regula Job, filii Salomonis divisoris. [Libri 312]) . Two questions 
arise: Who is this Job, son of Solomon? and What is his regula infusa ? 


The probable identity of Job was discovered by Julius Rueka, He noted 
that the text called Job a ” divisor”; that is, as written in a margin of the 
manuseript, a professional among the Moslems who is hired to divide estates 
according to the wishes of the deceased and the rules of the Koran. Then 
Ruska found in Haji Khalifa this entry, ” 8974. Ferärdh Eyyüb El-Basri, 
doctrina hereditates dividendi, auctore Eyyüb El-Bagri.” |Katip 398]. Ac- 
cording to him [Ruska 21-23], Job seems to have been Ajjüb ben Sulaiman 
al-Basri, the fret Arab who mastered the Hindu technique of solving 
equations. Nothing more could be found about this elusive Job. Yet, what 
he did discover sets aside Tannery's thinking [45 (n) ] about the meaning 
of the name Job. (Further, Tannery has nothing to offer about the identity 
of Abraham.) The second question about the regula infusa will receive con- 
siderable attention farther on. But first a few general remarks about the 
treatise on false position are appropriate. 
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Figure 6 


Proof of this: Since line 4Z is equal to line EH <the rectangle AZ,ZE 
is equal to the rectangle AH, HE, so >% therectangle GZ, ZB is equalto 
the rectangle GH, HD . Thus the ratio of CH ta GZ, which is equal to the 
ratio of AB to BZ , and equal to the ratio of HD to DA . is equal to the ratio 
of BZ to DH. Thus the ratio of AB te BZ is equal to the ratio of BZ to 
DH, and equal to theratioof DH to DA . That is what we wanted to 
demonstrate, 


20. 1 have tentatively reconstrueted the incomplete text. À marginal remark states that ‘this 
ns been proved in the 18h proposition of the first section of the third species of the fourth 
species", The theorem in question includes Conies 11:8, which is to the effect that AZ — EH 
Because points 4 and E are on the hyperbola and Z and H on its esymptates ; There are more 
marginal remarks at the top off. 105n, but I was not able to read them because most of the 
text bas been destroyed by worms. Becouce A, E, G and B are on a circle we have 
AZ.ZE — GZ. ZE by Euclid, Elements, UT : 36. and similarly AH. HE = GH. HD 
because À , E , G and D are on a elrele . 
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(Figure5) We can also find this by meansof a parabola and a circle. Let 
thetwolines belines AB >, BG, andthey contain a rightangle. Letus draw 
through points A.B, Ga circle. Let BG be the greaterofthe twolines andletus 
make <it> the parameter and the axis of a parabola with vertex at point G. 
Let it meet the circle at point D. We draw from point D an ordinate DE, 
1 say that lines DE, EG are the two mean propertionals. Praof of this: We 
join AD, and we extend it rectilinearly to meet line BG at point Z. We join 
DG. Then, since the angle at point D is (a) right (angle), the ratio of ZE to 
ED is equal to the ratio of ED to EG. Since BG is a parameter of (conic) 
section GD, the rectangle BG, GE is equal to the square of DE, so the ratio 
of BG to DE is equal to the ratio of DE to EG. Thus line BG is equal to 
line ZE. If we subtract the common (part) BE,ZB is equal to line EG . 
Thus the ratio of ZE to ED is equal to theratio ofline ED toline EG, and the 
ratio of line EZ to line ED is equal to the ratio of line BZ to line BA. Thus 
the ratio of line BG to line ED is equal to the ratio of line ED to line EG, 
and equal to the ratio of line EG to line AB. 


D 


Figure 5 


(Figure 6) This can also be demonstrated by means of a hyperbola aud 
a circle. That is: if we let lines AB, BG (ns. AG) contain a right angle, and 
(if) we complete parallelogram ABGD , and construct on it a circle, and 
eonstruet on point À a hyperbola with asymptotes lines BG , GD , and let it 
meet the cirele at point E . We join AE and extend it to meet lines GB , CD 
at points Z, H. Then I say that lines BZ, DH are as we wished, 
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B D A 


Figare 4 


(Figure 4) We ean also find this by means of a parabola and ahyperbola. 
Let us assume that this exists, by way of analysis, and let the ratio of AB 
to ED be equal to the ratio of ED to DB and equal to the ratio of DBto AG. 
Then the rectangle AB, BD is equal to the square of DE. Thus, if we make 
line DE parallel to line AG, the parabola with parameter line AB! passes 
through point E. Since the rectangle AC, AB is equal”* to the rectangle 
ED, DB , therefore if we draw through point B line BZ parallel to line DE, 
then the hyperbola drawn through point G with asymptotes lines AB , BZ 
passes through point E. It (point E) is therefore assumed (i. e. given). 


Synthesis : We assume two lines AB , AG containing an angle. We 
construct on line AB a parabola with vertex point Æ and parameter line 
AB. We draw from point B line BZ parallel to line AG, and we construct 
on point G a hyperbola with asymptotes lines AB , BZ. namely (conic) 
section GE, and let it meet the parabola at point E. Let us draw the ordi- 
nate DE. Then, since (conic) section GE is a hyperbola, the rectangle AG , 
AB is equal to the rectangle ED , DB. Thus the ratio of ABto DEis equal 
Lo the ratio of DB to AG. Since (conic) section BE is a parabola with para - 
meter AB, the rectangle AB, BD is equal to the square of DE. Thus the 
ratio of AB to DE is equal to the ratio of DE to DB. 

18. The ordinates of the parabola ure assumed to be parallel to AG . The angle is not necesvarily 
a right angle. 
19. A rmarginal remark states : ‘this bas been proven in the 19tb proposition of the first section 
of the third species of < the fourth ies >. This (extant) theorem of the Jstikmäl includes the 
equivalent of Conies 11:12. Point E is on the hyperbols by the converse of Conies 11:12 . 
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G 


Figure 3 


D, E two lines parallel to lines AE, AD meeting at point Z. then the rect- 
angle AB, AE is equal to the square of EZ. Therefore the parabola with 
axis AE and parameter AB passes through point Z. Similarly . because the 
rectangle AG , AD is equal to the square of ZD, the parabola with axis AD 
and parameter line AG passes throngh point Z. The two (conic) sections are 
known in position, so point Z'is known in position. 


Synthesis + If we make line À B the parameter of a (conic) section with 
vertex point A and axis line AE , namely (conie) section AZ, and if we draw 
another (conic) section with parameter line 46 and axis line AD, then it 
will meet (conic) section (ms. diameter) AZ at point Z. and (if) we draw 
from the common point Z two ordinates, namely lines ZE, ZD, then they 
are the two mean proportionals. Proof of this : Since (conic) section AZ is 
a parabola with parameter AB, the rectangle AB, AE is equal to the square 
of AD. Thus the ratio of AB to AD is equal to the ratio of AD to AE. Simi- 
larly also , since the rectangle AG , AD is equal to the square of AE, the 
raticof AD to AE is equal to the ratio of AE to AG. But the ratio of AD 
to AE is equal to the ratio of AB to AD . Thus the ratio of AB to AD'is 
equal to the ratio of AD to AE and equal to the ratio of AE to AG. 


24 JAN P: HOGENDIJE 


ro oi Le (5 Li ass . 
â jo ae es à PROÏ GA so ge ef à WU 
Srro ge oki Y oil ot 0,8 fai; Us 7 
diror de Ah as al des: s des 


gb ji Le OÙ : es ou; 55 es ol: J5b. Tige 
<O$S ag dolce à; dj dm> Rips LE 


Sdirdler ds cpégr ce MU 
dotées 005 dl je ef ci dir So Ul 
ot Labs dise diiS à 


Translation 


In the name of God. the Merciful. the Compassionate. God bless 
Muhammad. 


The fifth species from the two genera on the mathematical sciences, 
on the combination of solids and their surfaces. It is in two species . 


The first species on the combination of solids with plane surfaces and 
their surfaces”. The first species is divided into two sections : the fret 
section, on the preliminaries, which play a role in the theories that follow, 
and the second section on the combination of solids with plane surfaces and 
their surfaces . 


The frst section . We want to demonstrate how we find two lines bet- 
ween two lines in continued proportion (Figure 3). Thus let the two lines 
be lines AB , AG and let them contain a right angle. Let us produce line 
ABrectilinearly to E and AG rectilinearly to D. Then, in the way of analysis 
if we assume that lines AD, AE are the two means and that the ratio of AB 
10 AD is equal to the ratio of AD t6 AE and equal to the ratio of AE to 
AG, then the rectangle AB, AE is equal to the square of AD, and the rec- 
tangle AD , AG is equal to the square of AE, Thus, if we draw from points 


- (us au 4) : 1) () 
A: He) 
. (x au j) à seu ul ga ur) 
BA EAN ge ON ce JA pad ge ee el JEAN Ge ke (ir) 
2 gli: Ed (ir) 


17. A marginal note in « different hand adds : **The second species, on the combination of 
round solide and their surfaces, ‘* 
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a parabola and a circle . It is unlikely that such a solution would have van- 
ished withont leaving a trace in the quite considerable literature on conic 
sections that has survived from this period" . Hence it seems that (c) was 
unknown to the 10th century geometers in the Eastern Islamic world. 


The fact that there were competent geometers who knew (k) and (d) 
but who did not know (e) shows that the discovery of (e) is not a trivial ac- 
complishment in the context of medieval geometry. Such a discovery pre- 
supposes perfect insight into the ideas behind the constructions (6) and 
(à) ; independent of the notations that were used ( compare Figures 4 and 
6) , and good a knowledge of conic sections. Thus the author of (c) must have 
been a capable mathematician . 


AI-Mu’taman’s mathematical abilities are shown by the remarkable 
simplification in the Istikmäl of the difficult solution of the * problem of 
Alhazen * found in Ibn al + Haytham’s Optics. Because Ibn al-Haytham 
died around 1041 , less than 45 years before Al-Mu’taman, and because no 
other traces of the Opties are known in the entire Arabic tradition before 
ca. 1300, it is practically certain that Al-Mu”taman was the author of these 
simplifications. As we have seen, it is unlikely that (c) was known to the 
geometers of the 10th-century Eastern Islamic world. We can therefore 
assume that al-Mu°taman vas also the author of (c). 


Text and translation of proposition 1 of section 1 of species 1 of species 
5 of the Istikmäl. 


The following edition of the Arabic text is based on the manuscript 
Copenhagen, Royal Library, Or. 89, f. 104a — 105a!*. My own explana - 
tory additions are in parentheses. The abbreviation ms. in the translation 
indicates erroneous words or letters in the manuécript . Words and passages 
in pointed brackets € © havebeen added by me in order to restore the text, 
In the Arabic manuscript the scribe writes the full names ofletters denoting 
points in geometrical figures (for point À the name alif instead of the letter 
alif). In my edited text 1 write the letters and not the names. 


Arabic text 
. Le de à de : fi dei a 
du Wu SL BUS) Gal pdd ee de ol Ex 
Legs po mdl old 55 G JM pi. des sas én dl 


14, See for example Knorr 3 and Hogendijk 1 . 
15. See Hogendijk 3 , 5. 
16. See COBRH 64 - 67 and Hogendijk 2 or 4. 


18 JAN P. HOGENDIJR 


can be proved that there were at least two capable geometers before al-Mu”- 
taman who knew (b) and (d) , namely Abü Ja‘far sl-Khäzin (early 10tb 
century) and Al-Sijai (middle of 10th century) . Abô Ja‘far al-Khäzin must 
have known (b) . because he refers to Eutocius’ collection of constructions of 
two mean proportionals; Abü Jafar also discussed (d) in detail. In 2 
manuseript in Paris (Bibliothèque Nationale, Fonds Arebe 2457 , 191b) 
AL - Sijzi summarized the commentary of Eutocius, so he knew (b). In 
the same mannseript, al-Sijai copied (d) in the version of his contemporary 
al-Harawl; al-Sijzi also wrote an edited version of (d)". Finally it can be 
noted that Abü Sahl al-Kühi also knew(d)! , and that (b) was known to 
the 10th — century geometer Abü *Abdalläh Al-Shanni. who mentions in 
his Disclosure of the fallacy 0j Ab@°l - Jüd (Kashf tamwïh Abr1— Jüd): "the 
book of Eutocius who collected in it the statements of the ancients on the 
construction of two mean proportionals between two given lines, and he 
rendered in it two methods by Mänächmus, in one of which he used a hyper- 
bola and a parabola and in the second of which he used two parabolas®? . 
Here Al-Shanni refers to (b) and (a). 


To sum up : in the 10th century there were at least four geometers 
who knew (d) and three geometers who knew (b) ; and two geometers who 
knew (b) and (d)*. However, (c) das not appear in any known geometrical 
work that was written in the entire Eastern Islamic world. We note that 
especially the 10th-century Eastern Islamic geometers were very fond of 
finding new solutions to old problems , such as the trisection of the angle 
and the construction of a regular heptagon, by means of conic sections. 
Hence there would have been much interest in the 10th century in a solu- 
tion (e) of the prestigious problem uf two mean proportionals by means of 


9. CE Knorr 3. pp. 311 , 254— 255. 

10. CF. GAS V, p. 130, 2 ; GAS VII, p. 409 no, 7. 

11. CE Knorr 4 , pp. 252 - 265. 

12. ALShaunt then renders he synthesie of (a) beginning with Mänächmus said" (me, Kairo , Där 
al-Kutub Mustafä Fäqil Riyäda 41m ; 132b, see Hogendijk 1, p. 277. M8), AI-Shanni soye thot 
(@) was plagiarited by Abü'1-Jüd in his work al-Handasiyyät (°' Geometrica'") , which ie now 
lost. The attribution of (a) to Meuaechmus is of some interest. Construction (a) is presented in 
the Greck text and in the Arabie translation of Eutorius' commentary as "* another way" 
€ Arabie: “alà wajh äkhar in ms, Escurial 960/2 ), without reference to any author, The author. 
ship of (0) has been repentediy discussed in the recent literature ( cf. Toomer, Knorr 1.2 ,3 ). 
Before these publications, modern Historians assumed that (a) was by Mensechrue because (a) 
follows(b) , wbich is autribated explicitly to Mensechmus. It is interesting 10 note that 
AlShaoni drew the same (natural but not logically necessary) conclusion. 

13. Nagir al-Din al-Ts ( A, D. 1201 — 1274 ) ala knew (b) and (d). Ia his edition of Archimedes 
On ihe Sphere and Cylinder, al = Tüsi mentions the commeñtary of Eutocius several times, so be 
must have known (b) (ef. Jüst vol. 2, no. 5, p. 1 line 17, p. 89 line 14), AI-Tüsi presents (d) in 
the same text (7üst vol. 2, no. 5, p. 80-81, Knorr 3, p. 264). It seems therefore that be found (d) 
éimpler than the conetructians (2) or (b) of Eutocius’ commentars. 
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3 = gx, 50 Dis on the parabola (Pi) with axis BG, vertex G and para- 
meter g (ef. Conies 1 : 11 ) ; 


2 = py, so D is on the parabola (P;) with axis KG, vertex G and 


parameter p (ef. Conies 1 : 11) ; 


xy= pq, 50 Dis on the byperbola (H) with asymptotes KG and GB and 
passing through A (cf. Conies II : 12). 


We can easily show that D is also on the cireums 
rectangle ABGK, if we know that D is on Pi and P,. Adding the equations 
of the parabolas we obtain y? + x? — gx + py. This expression can bere- 
written as (x— 9/2}? + (ÿ— p/2} = (p°?+ g)/4, which is the equation of C. 


Now the constructions (a) (b) (c) and (d) can be sketched easily: (a) 
uses Pi, P,; ;(b) uses P;, H : (c) uses P,, C and (d) uses H,C. 


The preceding analysis’ uses the modern algebraic notation which 
was introduced by René Descartes in his Géoméirie (1637) . My mathema- 
tical analysis gives a misleading impression of the history of (d). for it 
seems that (d) was discovered independently of (a) . This can be inferred 
from the proofs of (d) in the extant sources (including the Zstikmäl) . These 
proofs are based on the following identities , which do not occur in the pre- 
ceding analysis : 

1. ZA= DM because D and A are points on the hyperbola with asymp- 
totes KG and GR (Conies II : 8) . 


2. MK.MG= MD. MA, because K,G, D'and À are points on the 
circle (Elements IL : 46). 


3. ZB.ZG = ZA.ZD because B.G, Aaud D are points on the 
circle (Elements LIL : 36). 


Nevertheless, my analysis suggests that once (b) and (d) are known, 
(o) can easily be discovered by someone who realizes that the hyperbolas in 
() and (d) are the same. It is likely that this is wbat actually happened. 
The identities ZE — BG and ZB — EG, which occur in the proof of (e) in 
the Istikmäl , are closely related to ZA — DM, which is used in the proof 
of (d). Hence the author of (c) probably knew that Dis also on the hyperbola 
in (d). 


It is true that the discovery of (e) from (b) and (d) presupposes that 
sources containing (6) and (d) are available ta the same person . However, it 


3. In principle onc ean rephrase the whole argament in the language of squares and rectangles, 
used in ancient and medieval mathematics. la this way tbe equation of C is not easily 
discovered from the equations of Pj and Pz. 
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We have already shown ZE : ED — ED : EG. By similar triangles 
ZB : BA = ZE : ED. Thus ED : EG — ZB: BA = EG: BA, qe.d. 


M 


Figure 2 


From a modern mathematical point of view construction (c) is closely 
related ta the three other constructions (a) , (b) and (d). This is illustrated 
by the following analysis, referring to Figure 2, in which the same notation 
has been used as in Figure 1 . The analysis dœs not take account of the 
notation used in (a), (6) and(d) inthe Istikmal. We suppose that p—4B—KG 
and q9— AK — BG are the two given segments, and that ABGK 
is a rectangle. Supposé that the two mean proportionals are Y — DE and 
X = EG, and let DE be perpendiculer to BG . For later use we extend AD 
in botb directions to meet GB extended at Z and GK extended at M. 


We have assumed 
pix=xiy=yiq to] 
Hence 
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the angle at Bis a right angle, AGis a diameter of the circle ). Draw a para- 
bola with axis GB, vertex G and parameter CB . Let the parabola intersect 
the circle at D. Draw the ordinate DE (thar is to say , the perpendicular to 
the axis). Then ED and EG are the required mean proportionals , that is to 
say BG : ED — ED : EG — EG: AB. 


Proof : 


Figure 1 
Extend DA and GB to merët at Z, join DC. 


(AÏ-Mutaman dæs not prove that DA and GB méet and that the point 
ofintersection Zis beyond 4 and B. This can be proved as follows : Com- 
plete the rectangle ABGK and let BA meet the parabola at L. Then K is 
on the circle, GK is tangent to the parabola, and by Apollonius . Conies 
1:11 we have LB? — BG. BG, so LB — GB > AB. Hence Lis outside the 
circle. Therefore the point of intersection D is between K and À, so DE> 
AB, Thus DA and GB meet beyond À and B. ) 


Since point D is on the circle and AG is a diameter, angle ZDG is a 
right angle (Euclid, Elements, IIL : 31) , so ZE : ED — ED : EG by similar 
triangles (Elements VI : 8) . Since D is on the parabola , ED° — BG . EG 
(Comics 1 11), so BG : ED — ED : KG. wbich is the first equality to be 
proved. Thus ZE : ED — BG : ED, so ZE -- BG. BY subtraction of BE 
we obtain ZB = EG. 
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this propusition are given below. In the following introductory analysis 
the constructions will be labelled (a) ; (8) . (e) and (d), being the order in 
which they oceur in the Istikmäl. 


A comparison between the Istikmäl and other Greek and Arabie mathe- 
matical works shows that al-Mu”taman took many theorems end construc- 
tions in the Istikmäl from other scurcest, These sources may bave been 
mentioned in a preface, which is now lost. but the extant parts of the Istik- 
mäl contain only straight mathematics in the style of Euclid's Elements, 
and thus the text gives no explicit information on the origir cf (a), (b), (c) 
and (d). However, constructions (a) (by means of two parabolas) and (b) 
(by means of a parabola and a hyperbola) are the same as two constructions 
in the commentary by Eutocius (ca. 500 A. D.) on proposition 1 of Book II 
of On the Sphere and Cylinder of Archimedes® . In construction (a), Al-Mu°- 
taman draws the parameters of the two parabolas in a very peculiar way , 
as segments of the axes (AB and AG in Figure 3) outside the parabola, in 
the same way as Eutocius did in his Commentary on Book IL of Archimedes" 
On the Sphere and Cylinder. In the classical Apollonian theory, the parameter 
of a parabola is always represented as a segment perpendicular to the axisf. 
Therefore itis clear that A1 -Mu’taman t00k (a) from the Arabic translation 
of Eutocius’ commentary. In the text of Eutocius (a) follows (b), and thus 
it is plausible that Al-Mu’taman also took(b) from Eutocius, Al-Mu’taman 
did not copy (a) and (b) literally, but he made a number of editorial changes. 
He handled most other material in the Jstikmäl in a similar way. 


Construction (d) (by means of a cirele and a hyperbola) appears in many 
sligbtly different forms in the Arabie tradition. This construction is probably 
of Greek origin , and its author may have been Apolloniue’ . Because cons- 
truction (d) is found in several extant Arabic sources antedating Al-Mu°- 
taman, it is likely that (d) was not his own discovery. I have not been able 
to identify the source from which he took (d). 


I now present a paraphrase of (c) , referring to Figure 1. I render the 
arguments in the same order as al-Mu”taman, so that the paraphrase can 
function as a commentary on the text below . 


One is asked 10 find two mean proportionals between two given seg - 
ments AB and BG. Suppose that the angle at B is a right angle and that 
BG > AB. Join AG and cireumseribe a cirele around triangle À BG (because 


4. See Hogendijk 4 

5. For the Greek text of(n) aud (B)see Haiberg, Arehimedes, vol. 3, pp. 784; an English trans. 
lation of (8) is in Bulmer-Thomas vel. 1 ; pp. 218 - 288. 

6. See Heath, Apollonius, pp. 8 9. 

Ti See Knorr 3, pp. 252 — 265, 905 and Thaër, 


Four constructions of two mean proportionals between 
two given lines in the Book of Perfection /{stkmal 
of Al-Mu’taman Ibn Hud 


Jan P. Hocenouyx* 
1. Introduction 


The construction of two mean proportionals between two given lines 
is one of the classical problems of Greek geometry. Two straight line seg- 
ments p and q are given . The problem is to construct two other straight 
segments (‘mean proportionals ”) x and y in such a way that 
pix=x:y=y :g. In modern algebraical notation the problem is 
equivalent to the cubic equation +? = p°q, and therefore two mean propor- 
tionals cannot in general be constructed by ruler and compass . The Greek 
geometers found solutions by means of more complicated instruments or 
using conic sections or other curves.! 


Several constructions of two mean proportionals were transmitted 
from Greek into Arabic . The geometers of medieval Islam continued to 
write on the subject , but in most cases they rendered the solutions that 
had been found by their Greek predecessors. This paper is ahout a construc- 
tion of two mean proportionals which is not found in the Greek literature, 
and wbich is probably of Arabic origin . It is a construction by means of a 
circle and a parabola found in the Book Istikmäl (Perfection) of the Anda - 
lusian geometer Yüsuf al-Mu”tamau ibn Hüd?, who was the ruler of 
Saragossa from 1081 — 1085 A. D. I will argue below that al-Mu”taman was 
the author of the construction. 


In proposition 1 of the " first section of the first species of the fifth 
species’ ” of the Istikmal al-Mu°taman presents four constructicrs of two 
mean proportionals between two given lines. The text and translation of 


* Department of Mathematics, Budapestiaan 6, 3608 TA Utrecht -The Netherlande. 

1. À vurvey of the Greek constructions of two mean proportionals ao be found in Heath, HGM, 
vol.1 , pp. 244-270. 

2. On Al-Mu'taman see Djebbar. 

3. More information on the division of the Jétikmäl into species and sections eun be found in 


Hogendijk 2 , 4. 


J.H. A. S. 92- 93- 1994 : Vol, 10 : pp. 13-29. 
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TRE ARARIG ORIGIN OF JABIR*S LATIN WORKS ul 


4. Quotatious were given above from reliable literature of the seven: 
teenth century, that the noted Arabist Gnlius, translated the Jäbir works 
in question from an Arabie mauuscript, and published the Latin translation 
in Leiden. 


One main reason, in our opinion, for Berthelot's hypothesis was chat 
The Sum of Perfection aud the four other treatises were so important and 
influential that he felt that this distinction should not b: left untainted. 
The treatises contain also some important recipes for mineral acic 


is, such as 
nitrie. It was appealing also, to give this honour to à Latin Psendo-Geber. 


In this short account we cannot disouss the matter in further detail . 
Holmyard who was always opposed to Berthelot's hypathesis, when disous- 
sing the treatises, concludes by saying +” we may safelÿ say that they are 
not unwerthy of Jäbir and that he is worthy of them and that we know of 
no other chemist , Muslim or Christian, who could for one moment be imag- 
ined to have written them 4. 


24 — Holmyard, p. 65 
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** Golius was not, however, the first translator of Geber. À translation of the longest and 
most important of his tracts into Latin appeared in Strassburg, in 1529. There was another 
translation published in Italy, from a manuseript in the Vatican. There probubly might be also 
other translations. 1 have compared four different copies of Geber's works, and found some 
differences , though not very material . 1 have followed Russell’s English translation most com- 
monly, as upon the whole the most sccurate that I have seen ‘22. 


Holmyard discussed Berthelot's arguments and refuted them”, 
One main argument was that the Arabic originals are not available. But 
Holmyard pointed out that until recently the Book of Seventy was avai - 
lable only in its Latin version and the Arabie text was discovered only re- 
cently. Also the history of the Latin editions which was cited above refers 
to specific locations of the Arabic manuscripts. À search for these and other 
manuscrits may be fruitful.… The search should be done by workers well 
versed in Arabic, to study all the works of Jäbir in Arabie and compare 
them with the disputed Latin versions and withtheir translations into other 
European languages. 


Let us summarize briefy the points that were raised in the above 
discussion : 


1. Alchemy in the last part of the thirteenth century, was still an 
unknown subject in the Latin World according to Bacon who wrote in 1266. 
It follows thatsuch mature works like the Summa and the other Latin works 
{of Jäbir could not suddenly be written by a Latin writer in this same period. 


2. Jäbir was not quoted by any of the thirteenth century writers on 
alchemy, namely : Scot, Vincent, Albertus or Roger Bacon, and he did not 
enjoy a high prestige in the Latin West in that century, His fame arose sud- 
denly only after the translation of his works at the end of the century. It 
follows that there was no reason why a Latin writer should ascribebiswrit- 
fngs to an unknown Arabic alchemist. 


3. Even if we assume that the pseudo-Latin writer made only com- 
pilations from the already translated Arabic alchemical works, the disputed 
Latin works of Jäbir contain a much vaster information than was availuble 
in the Latin translations until then. And, again, the prevailing ignorance vf 
alchemy as described by Bacon, could not enable any Latin writer to have 
access to such detailed and wide knowledge as given in the Summa corpus. 


22 — Thomson, vol. 1, pp. 116 — 17, and notes to these two pages: Holmyard, E. J. , The Works 
of Geber, Englished by Richard Russell, 1678, London, 1928. 

23 — Holmyard wrote several pâpers on this subject, His vies are summarisod in his book Makers 
of Chemistry, pp. 60 - 63 . 
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were of great influence on the whole of Europe. The last major work which 
he has written in 1724 ; was Elementa Chemiae in two volumes. The Elementa 
deals with the history , science, and practical experiments 6f chemistry. 
Soon it became the most popular treatise on the chemistry of the period. 
The Latin text passed through ten editions between 1732 and I which 
were published in several cities in Europe , and it was translated into Ger- 
man, French, and English in several editions. Thomson says that it "was 
undoubtedly the most learned and most luminous treatise on chemistry 
that the world had yet seen “#. 


In discussing Jäbir, Bærhaave says that * His works were translated 
into Latin by several hands, and published by Golius”® . More details are 
given in the footnotes : 

* Golins , professor of the oriental languages in the University of Leiden, made the fret 


present of Geber's pieces, in manueeript, 10 the publie library : and transluted it into Latin, and 
published it in the same city, in folio : and thence afterwards in quarto, under the title of Lapis 


Philosophorum . It contains abundance of vurious and uéeful things about the nature of metals, 
their purification, fusion, malleability, ete. with excellent necounts of salts ; and aqua fortes . 
Several of his experiments are verified by present practice, and have passed for modern discov 


+ except perhaps in what relates ta 


eries ; the exactness of his operations is really surpi 
the philosopher"s stone"”20 , 


Jacobus Golius (1596 — 1667 ) was a celebrated seventeenth century 
Arabist in the Netherlands, He was also a scientist and engineer. He travelled 
twice to the Arab countries, one time to al-Maghrib and another to the Near 
Eastwhere he stayed four years. In both visits becollected rare Arabie man- 
uscripts. Some of these were given to Leiden University and some remain 
ed for his own collection . His private collection was sold at an auction 
at a later date after his death. He also compiled an important Latin Arabic 
dictionary. Therefore, as an Arabist, scientist and a collector of rare Arabic 
manuscripts, Golius was best qualified to translate Jäbir's works” . 


Thomas Thomson ( 1773 — 1852 ) who was professor of chemistry at 
Edinburgh, wrote The History of Chemistry in 1830, nearly 60 years before 
Berthelot. Despite his strong negative feelings towards Islamic scientific 
achievements , which were expressed freely in his book,he gave a full account 
about Golius’ translation. He further mentions in his book that : 


18 — Srillman, pp. 431 — 33. 

19 — Bosrhaave, Herman, À New Method of Chemistry; including the History, Theory, and Practice 
ef the Art : Translated from the riginal Latin of Dr. Buerhoave"s Elementa Chemioe, as published 
by himself, etc. by Peter Shaw, M. D. , second edition, London, 1761. vol. 1, pp. 26 - 21. 

20 — Boerhaave, p. 26, note k. 3. 

21 - 151$ Cumulatice Bibliography, vol. 1, ed. Magda Whitrow, London, 1971, p. 502; Al.FAqiqi, 
Nojtb, Al-Mustashrigün, vol. IL. ; Cairo, 1965, pp. 654 - 55. 
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treatises®*. A translation based on a MS in the Vatican was published in 
Italy" probably between 1510 and 1520. A translation of most of these 
traots into Latin appeared in Strassburg in 1529° , also 1531 . Other edi- 
tions appeared in Nuremberg 1541; Venice 1542; Bern 1545: Leiden 1668; 
Danzig 1682 : ete. It seems that there were more than one translation 
and several different printed editions!” . 


Towards the end of the nineteenth century Berthelot came out with a 
hypothesie that the Latin works of Jäbir were written by a European alche- 
mist who used the name of Jabir to give importance 10 his worki. Ber- 
thelot was the most celebrated historian of chemistry in France and Europe, 
and he enjoyed great prestige and authority . As soon as he published his 
assumptions, they were adopted by most Western historians of chemistry, 
with the notable exception of Holmyard. After that, workers concentrated 
their efforts towards finding any evidence which can support Berthelot's 
claims. But despite the huge amount of published literature that appeared 
during a whole century, in support of Berthelot, these claims could not be 
established. The fact is that most of Jäbir's extant works in Arabic were not 
studied until now by scholars who are quite familiar with the language, and 
that manuscripts that were thought to be lost, continue to appear. It is 
dangerous in the world of scholarship tobuild historvon mere assumptions!?, 


The following story is given below because of its extreme importance 
+0 our present diseussion : According to this information, there is one Latin 
edition translated from Arabic by a well - known Arabist in Leiden : 


Herman Bærhaave (1668 - 1738), who gave the information, was a most 
distinguished scientist. He is considered the first great clinical teacher , 
and the founder of the modern system of medical instruction . Thomas 
Thomson considered him ” perhaps the most celebrated physician that ever 
existed, if we except Hippocrates.” He spent most of his life in Leiden where 
be held the chairs of medicine and chemistry. He became also the rector of 
the university, He raised the fame of the University of Leiden, and students 
came to it from all parts of Europe . His writings in medicine and chemistry 


10 — Mulouf, p. 111, note 81, 

11 — Thomson, Thomas, The History ef Chemistry, vol. 1, London, 1830, note to p. 116. 

12 - Sarton, vol. IT, p. 1044. 

13 — Thomson, vol. II, note 10 p. 116. 

14 — Sarton, vol. IT, p. 1044. 

15 — Thomson, vol. 11, note to pp. 116 - 117. 

16 — Berthelot, Marcellin, La ehimir au moyen age, vol. T, Paris, 1893, pp. 336 — 50; Siillman, pp. 
277-278; Newman, pp. 60 — 62. 

17 — The recent book of Newman went a further step by assigning a specific Latin author for Jabir'a 
Latin works. 
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In the Latin West, during this period, the value of Jäbir's Kitab al- 
Sab'in was not fully appreciated compared with the other translated 
alchemical books, and it did not exert the same influence us the works of al- 
Räzi and ibn Sin, It was not quoted nor mentioned by any of the eminent 
writers whom we have just mentioned. In other words, Jäbir was not yet 
well known in the Latin world, and he did not have yet the prestige which 
can induce a talented Latin alchemical pseudo-writer Lo attribute to bim a 
whole corpus of exceptional treatises that were supposedly written by that 
Latin writer, as Berthelot and his school wanted the world of science to 
believe. The other fact whien emerges from Roger Bacon’ passages, quoted 
above, is that no Latin writer was able by the end of th= thirteenth century 
to write such a vast and mature corpus of alchemieal knowledge. 


The translation movement of Arabic alchemical works into Latin which 
started in the middle of the twelfth century was resumed in the latter part 
of the thirteenth. One alchemical work, the Liber Claritatis, ascribed to 
Jäbir, appeared in Latin in the last third of the thirteenth century". Also 
around the year 1300, another of Jäbire books the Summa Perfectionis 
magesterii (Sum of Perfection) was translated into Latin®, This book is 
usually secompanied by four ether treatises which were also translations 
from Arabic: De investigatione perfertionis (The Investigation of Perfection), 
De inventione veritatis ( The Invention of Verity) , Liber fornacum (The 
Book of Furnaces), and the Testamentum (Testament). These treatises were 
frequently printed together in one volume between the fifteenth and the 
seventeenth centuries. 


The Summa was so successful that it became. according to Sarton, the 
main chemical texthook of medieval Europe. It was & manual on the general 
chemical literature, so clear and concise as to make an epoch in chemical 
literature, and it remained without rival for several centuries, The Summa 
and the treatises associated with it, were of the same calibre as al-RäzT's 
treatises. They were particularly notable fortheirclarity and freedom from 
mysticism and allegory, Naturally they appealed to practical chemists and 
they exerted a great influence on Western chemists until the rise of modern 
chemistry. The name of Jäbir in its Latin form * Geber ” became suddenlÿ 
a most celebrated one. Indeed Jäbir was called by Western historians ” the 
father and founder of chemistry ”. 

There were several translations for the Sum of Perfection. The date 
1300 A.D. was based on citations in other works. The first printed book 
appeared in 1481, probably in Rome and it contained two of the five Latin 


8 — Sarton, George, Introduction 10 the History of Science, vol, IL, part I, p. 1045. 
illman, pe 277: 
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de Beauvais, which was written around 1256 — 59, In the alchemical part, 
Vincent’s only dominant authorities were al-Räzi, ibn Sinä and Aristotle; 
and Jäbir was not among them‘. 


The great scientists of the centery in Europe were Albertus Magnus 
and Roger Bacon. The only authority for Albertus in alchemy was ibn Sinä, 
and like ibn Sinä, he argued against the transmutation of metals. In his 
argument, he attacked Khälid ibn Yazid’, and this is a clear in 
that Albertus was not acquainted with the works of Jäbir. 


Roger Bacon believed in the great importance of alchemyÿ and in trans- 
mutation. Hedid not mention Jäbir in his works although he became ac- 
quainted to alchemy from the Latin translations of Arabie worksf. Roger 
wrote his Opus tertium around the year 1266. The following excerpt from 
this book describe the state of knowledge of alchemy among the learned 
circles in the Latin World in the second half of the thirteenth century : 


Bat there js another science which ia about the generation of thinge from the elements, 
and from all inanimats things, for example the elements, simple and compounded humors, 
commen stones, gems, and types of marble, gold and other metale, sulfurs, salts, and inks, 
axures, miniom, and other colours, oils and burning pitches, und couniless other 1hings ef which 
se have nothing in the books of Ariatoile; nor do natural philosophers knouv of these things, nor 
dhe whole Latin ermd of Latin weriters. And since this science is not know 10 the genaralisy of 
students, it necessarily follows that they are ignorant of all natural things that follow therefrom, 
for example the generation of animated things, eucb as vegetables, animals, and men, for prior 
things having been ignored , it is necessary that posterior things be ignored … Whence, 
on account ef their ignorance of this science, common natural philosophy cannot be known, nor 
theoretical medicine, nor, consequently, practical medicine, not only because natural philoso- 
phy and theoretical medicine are necessary for its practice, but becanse all simple medicines 
from iranimate things are received from this science which I have touched upon made 
leax in the second book on medicine by Avicenna who enumerates the medicinal simples, and 
as is evideneed: by other authors. Of these medieines neither the names nor their meanings can be 
understood except through this science, And this séiance is called "" sheorétical alehemy **, which 
theorires about all iunnimute things and about the generation of things from the elements. 
There is in addition an operative and practical alchemy, which teaches how to make noble 
metals, colour, and many other things-better and more plentifully by art than they ure prod. 
uced by nature. And à science of this sort is greater than all the preceding, because it produces 
greater utility. Not only can it provide tbe expenditures and countless other necda of the 
republie, but it teaches to discover such things as can greatly prolong human life, wbich 
cannot be arrived at by nature, 


4 Mulhauf, p. 160; Newman, William R. , The Summa Perféctionis of Pseudo-Ceber, 
1991, pp. 15 — 16. 

5 Naman, p 11. 

6 — Multhauf, p. 175. ° The two eminent Latins did nôt know Geber*!, see aleo p. 171. 

7 Stilman, Jon Maxon, The Story of Alchemy and Early Chemistry, Dover, New York, 1960, 
pp. 262 - 65. 


The Arabic Origin of Jabir’s Latin works 


AnmaD Y. AL-Hassan* 


The works attributed to Jäbir ibn Hayyän are very large in number. 
A considerable part of them were, no doubt, written by him: but it seemé 
that some Arabic treatises were written st later dates and attributed to 
him. These works in their totality are called the Jäbirian Corpus and they 
constitute a major collection of treatises iu Islamie science, Jäbir's works 
cover nearly every field of learning especially alchemy. Not all of Jäbir's 
works came down tous. Among those that are still extaut in Arabie are 
Kitb al-Sab'in (The Book of the Seventy ) and Kitäb al-Misän ( The Book 
of the Balance ). And «s happened with many other Arabie works that were 
translated, some of Jäbir’s important works exist enly in Latin and their 
Arabic originals are not located or net recoguized until now. 


Before the translation of Arabie works into Latin , alchemy was un 
known in the Latin West, Robert of Chester finiched in the yesr 1144 the 
first translation from Arabic of a book on alchemy , The Book of the Com- 
position of Alchemy, attributeä to Khalid ibn Yazid. In the preface Robert 
says : ” Since what Alchymia is, and what its composition is, your Latin 
World dæs not yet know, I will explain in the present book. 


Between the fret translation of Robert of Chester in 1144, and 1300 
the major Arabic alchemical works that were translated into Latin were 
the Tabula Semaragdina, the Turba Philosophorum, The Secret of Creation 
of Balinus, De Perfecto Magisterio attributed to Aristotle, De Anima of Ibn 
Sinä, De Aluminibus et Salibus (On Alums and Sults ), and the Secret of 
Secrets, , both of Al-Räzï, and one or more of the magalät of Kitëb al-Sab'in 
(the Book of Seventy } of Jäbir!. 


It was not until thethirteenth century that we see the first interest in 
alchemy by a Latin scholar, An alchemical treatise which is believedtobeof 
Arabic origin, carried the name of Michael Scot, who died in 1232. Several 
greatly distorted Arabic names, apparently from al-Andalus, are given, 
but Jäbir’s name is not among them’. Another work was that of Vincent 


+ University of Aleppo, I. H, À. S. 
1 Holmyard, Eric John, Makers of Chemistry, Oxford, 1931, p. B6. 
2 - Mullhauf, Robert P. , The Origins of Chemistry, London, 1966, p. 167. 
3 Mullhauf, pp. 168 - 170. 
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Editorial 


We are glad to put in front of you the tenth volume of the Journal 
for the History of Arabic Science ( 92 — 93 — 1994 ) including the outcome 
ofthe persistent works of researchers to find out the scientific heritage 
of Arabic and Islamic civilization. 


This volume includes rich and various articles dealing with diverse 
topics in astronomy, mathematies, medicine and the history and philoso- 
phy of science, in addition to edited texts. 


We regret this delay in issuing this Journal annually and regularly 
because the Institute Administration is keen to publish the articles that 
agree with the high scientific level of the Journal. 


Dr. Moustafa Mawaldi Prof. Dr. Khaled Maghou* 
Assitant Editor Director, I. H. A. 5, 


